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S P E C I F I C A T I O N  

1 

1.1 

1 . 2  

2 

2.1 

TANK ASSEMBLIES, POSITIVE EXPULSION, PROPELLANT 

REACTION CONTROL SUBSYSTEM 

DESIGN CONTROL SPECIFICATION FOR 

SCOPE 

Scope. - This spec i f i ca t ion  e s t a b l i s h e s  design, f ab r i ca t ion ,  
performance and qua l i ty  assurance requirements f o r  t h e  
Pos i t i ve  Expulsion Propel lan t  Tanks f o r  t h e  Reaction Control 
Subsystem t o  be used i n  the  Lunar Excursion Module (LEM), of 
t h e  Apollo Spacecraf t .  

C l a s s i f i c a t i o n .  - The Pos i t i ve  Expulsion Propel lan t  Tanks 
s h a l l  cons i s t  of the following: 

(a) Fuel Tank Assembly 

( b )  Oxidizer Tank Assembly 

APPLICABLE DOCUMENTS 

Government Documents. - The following Government documents 
of ' s sue  i n  e f f e c t  on 14  January 1963, o r  as otherwise 
specified, form a part of t h i s  s p e c i f i c a t i o n  t o  t h e  ex ten t  
spec i f i ed  he re in .  

SPECIFICATIONS 

Militarx 

MIL -C - 5 541 Chemical Films f o r  Aluminum and 
Aluminum Alloys 

MTL -c - 4 5 6 6 2 ~  Cal ibra t ion  Requirement System 

EnK-274C EDP Sheet No.- 
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e Spec. No. LSP-310-405A 
n 
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Page : 2 

2 . 1  (Continued) 

M I L - I - ~ ~ ~ ~ A  

MIL-T-5021C 

MIL - I -2 5 1 3 5 C 

MIL-T-go46C 

MIL- T- 9047C 

MIL -A-l8455B 

MIL-P-26539A 

MIL-P-27401B Ty-pe 1 

MIL-P-27402 

STANDAFUIS 

Mi l i t a ry  

Inspec t ion ,  Penetrant Method of 

Tests, A i rc ra f t  and Missile Welding 
Operations, Qual i f ica t ions  

Inspec t ion ,  Material  Penet ran t  

Titanium and Titanium Alloys Sheet, 
S t r i p  and P l a t e  

Titanium and Titanium Alloys, B u s ,  
Forging and Forging Stock 

Argon, Technical 

P rope l l an t ,  Nitrogen Tetroxide 

Propel lan t  Pressur iz ing  Agent, 
Nitrogen 

Propel lan t ,  Hydrazine, Unsymmetrical 
Dimethylhydrazine (50% N2H4 - 50% 
mm) 

MIL-STD-1OA Surface Roug-.ness and Wavines 

MIL -STD-l2B 

MIL -STD -1 30B 

MIL -STD - 143 

of Lay 

Abbreviations f o r  use on Drawings and 
i n  Technical "y-pe Publ ica t ions  

I d e n t i f i c a t i o n  Marking of U.  S . 
Mil i t a ry  Property 

Spec i f i ca t ion  and Standards, Order 
of Precedence f o r  t h e  Se lec t ion  of 

EDP Sheet No. - Eng-279C 
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2.1 

2 . 2  

2 . 3  

(Continued) 

MIL-STD- 453 

MIL -STD -810 

Federal  

Mi l i t a ry  Standard Inspec t  ion, 
Radiographic 

Environmental Tes t s  f o r  Aerospace 
and Ground Equipment 

FED-STn-15la Metals, Test Methods 

Change Notice 4, 
November 28, 1962 

Grumman Documents. - The following Grumman documents of da t e  
of issue shown form a p a r t  of t h i s  s p e c i f i c a t i o n  t o  t h e  
ex ten t  spec i f i ed  herein: 

Date Spec i f i ca t ion  - T i t l e  - 
UP-390-001 7-9-63 Bonding, E l e c t r i c a l ,  

General Spec i f i ca t ion  f o r  

Drawings 

LSC-310-405 

Date - 
8-29-63 

T i t l e  

Tank - Propel lan t  - RCS - 
Expulsion (Spec i f i ca t ion  
Control Drawing f o r )  

Other Documents. - The following documents, issued by t h e  
organiza t ion  indicated and of t h e  d a t e  of issue shown, form 
a part of t h i s  spec i f i ca t ion  t o  t h e  ex ten t  spec i f i ed  here in :  

Eng. 21%’ EDP Sheet No.- 
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2.3 

2.4 

2.4.1 

2.4.2 

2.4.3 

3 

3.1 

3.1.1 

(Continued) 

SAE-ARP-598 Socie ty  of Automotive Engineers 
Procedure f o r  t h e  Determination of 
P a r t i c u l a t e  Contamination by t h e  
P a r t i c l e  Count Method 

AMs4951 Titanium Wire, Welding 

ASTM-E-112 Estimating t h e  Average Grain S ize  
of Metal 

A v a i l a b i l i t y  of Documents. - 
Government Documents. - Copies of Government docments  may 
be obtained from the Superintendent of Documents, Government 
P r i n t i n g  Off ice ,  Washington 25, D.C.  

Grummkn Documents. - Copies of t h i s  s p e c i f i c a t i o n  and o the r  
appl icable  Grurmnsn documents may be obtained from LEM 
Program Data Management, Grummen Ai rc ra f t  Engineering 
Corporation, Bethpage, Long Is land ,  New York. 

Other Documents. - Copies of o ther  documents may be obtained 
from t h e  appropriate  organiza t ion  l i s t e d  i n  2.3. 

mQUIRFMENTS 

General. - The pos i t ive  expuls ion propel lan t  tanks required 
per  vehic le  (two oxidizer  and two f u e l )  are shown schematical ly  
i n  Figure 1. 

Tank Assemblies. - Fach propel lan t  t ank  assembly s h a l l  be 
composed of t h e  folluwing subassemblies: 

(a)  Tank s h e l l  subassembly 

(t> Posi t ive expuision device 

( c )  Tank vent 

Eng.279C EDP Sheet No. - 



S P t  C I F I C A T I O N  

3.1.1.1 Tank S h e l l  Subassefnbly. - The tank  s h e l l  subassembly s h a l l  
cons i s t  of two (2) machined tank  end domes p lus  a c e n t r a l  
c y l i n d r i c a l  sec t ion .  The t h r e e  elements s h a l l  be machined 
from forgings of t i tanium i n  accordance with 3.8.6.1.  The 
forgings,  and t h e  b i l l e t s  they are forged from s h a l l  meet 
t h e  requirements of Table V I 1  and s h a l l  i n  add i t ion  be 
uniform i n  qua l i t y  and condi t ion,  f r e e  from sur face  and sub- 
sur face  de fec t s ,  l aps ,  seams, pipe,  s l ivers ,  s ca l e s ,  s l ag ,  
poros i ty ,  cracks,  hard spots  and a l l  o the r  de fec t s  which may 
prevent t h e  tanks from meeting t h e  requirements of t h i s  
spec i f i ca t ion .  Provisions for a t t a c h i n g  helium plumbing 
t o  t h e  t ank  s h a l l  be incorporated i n  t h e  t ank  s h e l l  sub- 
assembly. 

3 .1 .1 .2  Pos i t i ve  Expulsion Device. - The p o s i t i v e  expuls ion device 
s h a l l  cons i s t  of a mult i -ply t e f l o n  bladder ,  a standpipe 
and a closeout  device.  Provis ions for a t t ach ing  propel lan t  
plumbing t o  t h e  tank s h a l l  be incorporated i n  t h e  closeout  
device.  

3 .1 .1 .3  Tarik Vent. - The tank s h a l l  include a vent t o  f a c i l i t a t e  
con t ro l  of f i l l ,  u l lage  and f lu sh  procedures.  The vent  
s h a l l  cons i s t  of a tube  wi th in  t h e  standpipe t h a t  runs 
from t h e  t o p  of t h e  standpipe through t h e  bend i n  t h e  
pipe outs ide  of t h e  c loseout  device .  The materials used 
f o r  t h e  vent tube s h a l l  be compatable with t h e  materials 
of t h e  standpipe assembly. 

3 .2  Propel lan t  Tank Assemblies. - 

3 . 2 . 1  Oxidizer Tank Assembly. - 
3 .2 .1 .1  F lu ids .  - The oxid izer  t ank  assembly s h a l l  be compatible 

wi th  t h e  following f l u i d s  or any mixture the reo f ,  f o r  both 
continuous and in t e rmi t t en t  exposure: 

(a) Nitrogen t e t rox ide  (N204) i n  accordance with Specif i- 
c a t i o n  ~ 1 ~ - ~ - 2 6 5 3 9  ( h e r e i n a f t e r  referred t o  as oxid izer )  

Code 26512 C w - 2 7 M  Qb 667 EDP Shcct No.- 
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3.2 .I. -1 

3.2.1.2 

3 .2 .1 .2 .1  

3 . 2 . 1 . 3  

3 .2 .2  

3 . 2 . 2 . 1  

(Continued) 

( b )  Bureau of Mines, Grade "A", o i l - f r e e  commercial helium 
per  1J.S. Department of I n t e r i o r  B u l l e t i n  585 (used f o r  
system pressur iza t ion  and leakage tes t s )  

( c )  High grade, oi l - f ree  commercial ni t rogen pe r  MIL-P-27401B, 
Type 1 (used for system purging and drying) 

Volume. - The oxid izer  t ank  assembly s h a l l  have a combined 
propel lan t  and ullage volume such t h a t  203.7 lbs . of n i t r o -  
gen t e t rox ide  at a temperature of 6 5 0 ~  (dens i ty  90.45 lbs /cu .  
f t . )  and 25 p s i g  w i l l  r e s u l t  i n  a t ank  pressure of no more 
than  130 p s i a  when heated t o  100°F. 

F i l l  Temperature. - The ox id ize r  w i l l  be f i l l e d  a t  a cont ro l led  
temperature of 7 0 O ~  - + 5 O .  

Configuration. - The oxid izer  t ank  assembly s h a l l  not exceed 
t h e  envelope shown on Spec i f i ca t ion  Control Drawing LSC-310-405. 
The required por t s  and mounting s h a l l  be i n  accordance with 
LSC-310-405. 

Fuel  Tank Assembly. - 
Flu ids .  - The fue l  t ank  assembly s h a l l  be compatible wi th  
t h e  following f l u i d s  or any mixture the reo f ,  for both  con- 
t inuous and in t e rmi t t en t  exposure : 

(a)  Hydrazine/UDMH i n  accordance with Spec i f i ca t ion  
MIL-P-27402 ( h e r e i n a f t e r  r e f e r r e d  t o  as f u e l )  

( b )  Bureau o f  Mines, Grade "A", o i l - f r e e  commercial helium 
pe r  U.S. Dept .  of I n t e r i o r  B u l l e t i n  585 (used f o r  system 
pressur iza t ion  and leakage tes t s )  

High grade, o i l - f r e e  commercial ni t rogen per  MIL-P-27401B 
Type 1 (used f o r  system purging and drying) 

( c )  

I 

t- 

I 

! 

Code 26512 En(-z7W - 06' EDP Shcct No.- 



3.2 .2 .2  

3 .2 .2 .2 .1  

3.3 

3.3.1- 

3 . 3 - 2  

3 .3 .2 .1  

3 .3 .2 .2  

3 - 3 . 2 . 3  

Volume. - *The f u e l  tank assembly s h a l l  have a combined 
propel lan t  and ul lage volume such t h a t  103.5 lb s .  of 
Hydrazine/UDMH at a temperature of 650~ ( d e n s i t y  - 
56.h lbs /cu .  f t  . )  and 25 ps ig  w i l l  r e s u l t  i n  a tank 
pressure of no more than  130 p s i a  when heated t o  100°F. 

F i l l  Temperature. - The f u e l  s h a l l  be f i l l e d  a t  a con- 
t r o l l e d  temperature of 70°F - + 5OF. 

Performance. - The ox id ize r  and f u e l  t ank  assemblies s h a l l  
meet t h e  requirements spec i f i ed  below when operated wi th in  
t h e  range of environmental condi t ions spec i f i ed  i n  Table I.  

Def in i t i on .  - Thenceforth t h e  t e r m  t ank  assembly s h a l l  be 
used t o  denote both t h e  oxid izer  and f u e l  tar& assemblies, 
where t h e  conditions apply equal ly  t o  both.  They are referred 
t o  s ingu la r ly  as the ox id ize r  t ank  assembly or f u e l  tank 
assembly where the condi t ions d i f f e r  i n  q u a l i t y  or quant i ty .  

Leakage. - 

I n t e r n a l  H e l i u m  Leakage. - H e l i u m  leakage including permeation 
through t h e  expulsion device i n t o  t h e  propel lan t  compartment 
s h a l l  not exceed 2 x 10-6 pounds p e r  hour wi th  any pressure 
d i f f e r e n t i a l  across t h e  device up t o  10 p s i ,  at any temperature 
between 400 and 100OF. 

E x t e r n a l  H e l i u m  Leakage. - Externa l  helium leakage from t h e  
bladder  c loseout  por t  p lus  t h e  i n t e r n a l  helium leakage 
(3 .3 .2 .1)  s h a l l  not exceed 4 x 10-6 l b s / h r .  a t  any pressure 
up t o  and includitig 256 ps ig ,  at  any temperature between 
400 p.xIa m ~ .  

Propel lan t  Permeation. - The vendor s h a l l  e s t a b l i s h  t h e  
propel lan t  permeation rate (both f u e l  and oxid izer )  for t h e  
bladder  material se l ec t ed .  A t  any propel lan t  temperature 
from 40° t o  l O O q  t h e  permeation rate s h a l l  not result i n  
propel lan t  s a tu ra t ion  of t h e  helium a t  maxim u l l age  con- 
d i t i o n s  i n  less than 20 days.  

EDP Sheet No - 



3.3.2.4 

3.3.3 

3.3.3.1 

3.3.3.2 

3.3-3.3 

3.3-3.4 

3.3.3.5 

3.3.4 

3.3.4.1 

3.3.4.2 

Externa l  Propellant Leakage. - There s h a l l  be no propel lan t  
leakage from the tank assenbly a t  any pressure up t o  and 
including 250 psig,  a t  any temperature between 40° and loo*. 

Pressures .  - 

Nominal Pressure. - The nominal tank pressure s h a l l  be 
181 - + 4 ps ig .  

Maximum Expected Operating Pressure.  - Each tank assembly 
designed f o r  a maximum expected operating pressure (MEOP) 
of 250 ps ig .  

Proof Pressure.  - The tank assembly s h a l l  be capable of with- 
standing an i n t e r n a l  pressure of 333 ps ig .  

Burst Pressure.  - The tank assembly s h a l l  be capable of 
withstanding an i n t e r n a l  pressure of 375 ps ig  without 
s t r u c t u r a l  f a i l u r e  . 
D i f f e r e n t i a l  Pressure.  - The bladder,  standpipe and por t  
design shall be such t h a t  ne i the r  25 ps ig  i n  the  propel lan t  - 
compartment with zero p s i g  a t  the he l ium-in le t ,  nor 250 ps ig  
helium pressure with zero ps ig  a t  the propel lan t  o u t l e t  w i l l  
cause expulsion device failure or damage. 

Pressure Drop. - 

Propel lant  Expulsion. - Pressure drop from helium i n l e t  t o  
propel lan t  o u t l e t  during a 95% expulsion a t  the  following 
flow r a t e s  s h a l l  n o t  exceed t w o  ( 2 )  p s i .  

( a )  Fuel:  0.11 t o  0.44 pounds per second 

(b) Oxidizer: 0.22 t o  0.88 pounds per second 

Propel lant  F i l l i n g .  - Complete ac tua t ion  of t he  expulsion 
device f o r  propel lant  f i l l i n g  s h a l l  requi re  a pressure 
d i f f e r e n t i a l  of l ess  than one (1) p s i .  

EDP Sheet No - t “i: 77‘4C 
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3.3.5 

3.3.6 

3 . 3 . 7  

3.3.8 

3 .3 -9  

Expulsion Eff ic iency.  - With t h e  tank  assembly posit ioned i n  
any a t t i t u d e ,  it s h a l l  be capable of expel l ing  at l e a s t  
9 9  of i t s  propel lant  capacity.  

Duty Cycle. - The duty cycle i s  defined as evacuation, 
propel lan t  loading and complete expulsion of t h e  propel lan t  
by in t e rmi t t en t  pulsat ing flows a t - t h e  following r a t e s  and 
pulse dura t ion  at a working pressure of 181 + 4 ps ig  during 
f l o w .  

(a)  Fuel: 0.11 t o  0.44 pounds per  second, pulse dura t ion  
5 seconds t o  6 minutes 

( b )  Oxidizer: 0.22 t o  0.88 pounds per second, pulse dura t ion  
5 seconds t o  6 minutes 

Endurance Cycling. - The tank assembly as de l ivered  t o  
Grumman s h a l l  be capable of a minimum of 50 cycles of 
operat ion as described i n  3.3.6 through a propel lan t  
temperature range of 409 t o  100%. 
a t  - 2 0 9  i n  t h e  helium tank s h a l l  be u t i l i z e d  i n  a t  l e a s t  
2 cycles  of operation. Propel lant  s h a l l  be expelled b u t  
t h e  bladder  need not be operable a f t e r  t h e  end of t e s t i n g .  
I n  add i t ion  the  tank and i t s  closeout devices s h a l l  be 
designed t o  withstand 3000 pressure cycles  as described 
i n  4 .3 .11.2.  

H e l i u m  pressurant  

Slosh. - The tank assembly s h a l l  withstand a rec iproca t ing  
motion described i n  4.3.7. 

L i f e  Requirements. - The tank assembly w i l l  be employed i n  
a space vehicle  as wel l  as i n  t e s t  s tands and tes t  vehicles  
f o r  ground t e s t .  The assembly s h a l l  meet t h e  l i f e  require-  
ments f o r  each appl ica t ion  as defined he re in  based on a 
cumulative propel lant  exposure period of 1500 hours.  

Eng-279C 
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3.3.9.1 

3.3 .9 .2  

3.3.9.3 

3.4 

3.4.1 

3.5 

3.5 -1 

Mission Service Li fe .  - The tank  assembly s h a l l  perform as 
spec i f i ed  f o r  at least 25 complete duty cycles  as defined 
i n  3.3.6.  
out of t he  reac t ion  con t ro l  subsystem and one a c t u a l  space 
mission of 1 4  days. The expulsion cycle  during t h e  a c t u a l  
space mission w i l l  be accomplished over a per iod of approxi 
mately t h r e e  days. 

This includes system checkout, pre-launch check- 

Ground Use Service L i f e .  - The tank assembly s h a l l  perform 
as spec i f i ed  i n  3.3.7. 

Storage L i f e .  - The tank assembly as received from the  vendor 
s h a l l  have a storage l i f e  of f i v e  years  wi th  necessary 
per iodic  maintenance. Storage l i f e  i s  a design c r i t e r i a  
only and does not reqii ire demonstration. No p e m n e n t  weight 
s h a l l  be  added t o  t h e  u n i t  t o  meet t hese  requirements.  

Environmental Conditions. - The tank  assembly s h a l l  operate 
wi th in  the  requirements spec i f i ed  here in  during and a f t e r  
exposure t o  all possible  combinations of t h e  environmental 
condi t ions of Table I t i m e s  t h e  appl icable  y i e l d .  

Radiation Environment. - Charged p a r t i c l e  r a d i a t i o n  and 
electromagnetic r ad ia t ion  o r ig ina t ing  from t h e  sun and 
o the r  c e l e s t i a l  sources s h a l l  be considered i n  t h e  design 
of t h e  assemblies. I n  add i t ion  t h e  r a d i a t i o n  e f f e c t s  of 
t h e  quant i ty  gaging equipment as supplied by Grumman s h a l l  
be considered. 

R e l i a b i l i t y .  - 
Mission Success. - The mission success r e l i a b i l i t y  goal 
f o r  each tank assembly s h a l l  be 0.9995. 
t o  nominal tank  performance during t h e  a c t u a l  space mission 
under t h e  environmental psranaeters of Table I, Sec t ion  C 
through G. 

This goal app l i e s  
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3.5.2 

3.6 

3.6.1 

3.7 

3 .8  

3.8.1 

3.8.1.1 

R e l i a b i l i t y  Boundary. - The R e l i a b i l i t y  Boundary 
conditions of t he  tank assembly s h a l l  be as described 
i n  4.4.1.2.1.1.1. 

In te rchangeabi l i ty .  - All p a r t s  having t h e  same 
manufacturer ' s  part number s h a l l  be f u n c t i o n a l l y  and 
dimensionally interchangeable. 

Interchangeable Items. - The following l i s t e d  items 
covered by t h i s  spec i f i ca t ion  s h a l l  be interchangeable:  

( a )  Tank Assembly 

(b)  Tank S h e l l  Subassembly 

( c  ) P o s i t i v e  Expulsion Device 

Mechanical Resonance Frequency. - The mechanical 
resonance, or natural ,  frequency s h a l l  not be less 
than  60 cps when the tank  assembly i s  f u l l y  loaded 
w i t h  propel lan ts .  

Design. - The assembly s h a l l  be designed t o  and s h a l l  
meet t he  requirements of t h i s  s p e c i f i c a t i o n .  

De ta i l s .  

Seals .  - D u a l  seals shall be provided a t  any i n t e r -  
f a c e  between t h e  tank s h e l l  subassembly and pos i t ive  
expuls ion device. The s e a l  design s h a l l  pe rmi t  it 
t o  func t ion  t o  design requirements by t h e  clamp-up 
a c t i o n  of t h e  cover b o l t s  and without  t h e  use of 
adhesive o r  other a d d i t i o n a l  s e a l i n g  preparations.  

Eng-279C EDP Sheet No.- 
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3 .8 .1 .2  

3 . 8 . 1 . 3  

3 .8 .2  

3 . 8 . 3  

3 .8 .4  

3.8.4.1 

Fastening Devices. - A l l  fas ten ing  devices,  including those 
with se l f - locking  f e a t u r e ,  s h a l l  incorporate  p o s i t i v e  
safe ty ing  provis ions.  
i n  bear ing s h a l l  n o t  be used. 

Fastening devices which p lace  threads  

Closeout Device Attaching Bo l t s .  - The b o l t s  used t o  a t t a c h  
t h e  closeout  device t o  t h e  tank s h e l l  sub-assembly s h a l l  
have an  a n t i - g a l l  coa t ing  and o ther  necessary f e a t u r e s  t o  
insure proper i n s t a l l a t i o n  without damage t o  t h e  threaded 
por t ions  of t h e  tank or b o l t .  

l h i n t a i n a b i l i t y .  - The design s h a l l  include connections, 
f i t t i n g s ,  and similar items as w e l l  as access  t o  them and 
access  for replacement of assemblies, se rv ic ing ,  and ad jus t -  
ment. These f ea tu res  s h a l l  be subjec t  t u  G r m n  approval 
and s h a l l  be provided as shuwn necessary by t h e  R e l i a b i l i t y  
Analysis and t h e  Main ta inabi l i ty  Analysis, performed during 
preliminary design s t ages  as required by the  Purchase Order. 

Access ib i l i t y .  - Access s h a l l  be provided f o r  i n s t a l l a -  
t i o n ,  inspect ion and maintenance of t he  tank  assemblies.  
Access s h a l l  requi re  a minimum of disassembly or d i s -  
placement of pa r t s  , readjustments,  resea l ing ,  re inspec-  
t i n g ,  spec ia l  t oo l s  or equipment. 

S t r u c t u r a l  Design Criteria. - The s t r u c t u r a l  design c r i t e r i a  
spec i f ied  below shall be appl ied t o  the  oxid izer  and f u e l  
tank assemblies.  All designs s h a l l  have pos i t i ve  margins 
of s a fe ty .  Transportation, handling and s torage  i n  t h e  
shipping container  s h a l l  not produce c r i t i c a l  design loads 
on t h e  tank assembly and s h a l l  not increase t h e  weight.  

Strength and S t i f f n e s s .  - The l e v e l  of s t r u c t u r a l  s t r eng th  
and s t i f f n e s s  s h a l l  be r a t i o n a l l y  e s t ab l i shed  by t h e  
condi t ions spec i f ied  he re in  p lus  the  s p e c i f i c  loadings 
appl icable  t o  the t ank  assembly. 
c a l l e d  l i m i t  load.  

This l e v e l  s h a l l  be 
Fac tors  of s a f e t y  s h a l l  be  mul t ip l ied  

EDP Sheet No - Eng-279C 
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3 .8 .4 .1  (Continued) 

by these  l i m i t  loads. Rational  allowances s h a l l  be made 
and incorporated i n  t h e  l i m i t  loads for a t  least t h e  
f ollawing: 

S t r e s s  concentrations 

Fat igue 

Thermal S t ress  

Dynamic response 

ViSrat ional  axplif i c a t i c n  

Combinations of environmental condi.tions given i n  
Table I and/or self -generated loads .  

NOTE: Mission l e v e l s  are l i m i t  loads except for 
vibra t ion  paragraph 3.8.4.3.1 (b )  and ( c ) .  

- 

3.8.4.1.1 Ultimate Factor  of Safe tz .  - The ultimate f a c t o r  of s a f e t y  
s h a l l  be  not less than 1 . 5 .  This f a c t o r  of s a f e t y  s h a l l  be 
increased i n  weld areas as required i n  3.8.4.5. 
load t i m e s  t h e  ul t imate  f a c t o r  of s a fe ty ,  t he re  s h a l l  be  
no s t r u c t u r a l  failure. 

A t  l i m i t  

3 .8 .4 .1 .2  Yield Fac tor  of Safety. - The y i e l d  f a c t o r  s h a l l  not be l e s s  
than  1.33. This f ac to r  of s a f e t y  s h a l l  be increased i n  
weld areas as required i n  3.8.4.5. 
y i e l d  f a c t o r  of sa fe ty  t h e r e  s h a l l  be no permanent deform- 
a t i o n  which could prevent t h e  t ank  assembly from complying 
wi th  t h e  performance requirements.  

A t  l i m i t  load times the  

; 
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3 .a.4.2 Pressure Vessel Design Factors .  - S t r u c t u r a l  design of 
pressure ves se l s  s h a l l  m e t  the  requirements of two 
separate  analyses.  The first s h a l l  be combination of 
pressure and ex te rna l  loads with the  requirements of 
3.8.4.1 taken i n t o  account. 
pressure s t a b i l i z i n g  systems. When pressure loads are 
re l i ev ing ,  minimum pressure s h a l l  be used. The second 
s h a l l  consider pressure loads only and s h a l l  use the 
f a c t o r s  of s a f e t y  given below. L i m i t  pressure s h a l l  
not be less than the m a x i m u m  expected operat ing pressure 
(MEOP) f o r  the  system. 
vesse ls  s h a l l  include valves,  piping, e t c . ,  as well as  
tanks.  

S t ruc tu res  s h a l l  not requi re  

For s t r u c t u r a l  design, pressure 

3.8.4.2.1 Pressure Vessel Proof Fac tor .  - The proof f a c t o r  s h a l l  be 
1.33 appl ied t o  l i m i t  pressure.  Af te r  exposure of t he  
pressure v e s s e l  t o  l i m i t  pressure t ims the  proof f ac to r ,  
t he  tank  assembly s h a l l  be f u l l y  capable of meeting the  
performance specif ied here in .  

3.8.4.2.2 Pressure Vessel U l t i m a t e  Factor .  - The u l t imate  f a c t o r  of 
s a f e t y  f o r  pressure vesse ls  s h a l l  be 1.50 appl ied t o  l i m i t  
loads. 
s h a l l  be no f a i l u r e  of t he  pressure ves se l .  

A t  l i m i t  load t ims  the u l t imate  f a c t o r ,  there  

3.8.4.3 Vibration Design Factors.  - For s t r u c t u r a l  l i m i t  loads, 
t h e  fol lowing f a c t o r s  of s a f e t y  s h a l l  be appl ied t o  the 
v ib ra t ion  amplitudes of Table I. The appl ied v i b r a t i o n a l  
environment f o r  launch and boost,  t rans lunar ,  descent and 
ascent  phases of the mission c o n s i s t s  of random exc i t a t ion  
up t o  2000 cps.  The high acce lera t ion  dens i ty  l e v e l s  a t  
l a w  frequencies  are presented f o r  use i n  design ana lys i s  
only s ince  avai lable  t es t  equ ipmnt  i s  incapable of 
reproducing the  complete spectrum. The test  requirements 
include separate  s inusoida l  v ib ra t ions  t o  account f o r  
t h i s  l a w  frequency por t ion  of the random spectrum as w e l l  
as t o  determine t h e  design adequacy i n  ind iv idua l  vibra- 
b l w r i a i  m c i i e s .  See iest r e q u i r e m n i s  of 4.4.2.2.2.iG and 
Table I V  (Qual i f ica t ion  Test  Conditions) f o r  test procedures 
and times. Test requirements s h a l l  be considered as p a r t  
of the  v ib ra t ion  design. 

I J  . 
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3.8.4.3.1 L i m i t  Loads. - 
( a )  Prelaunch Packaged and Unpackaged - Sinusoidal  

l e v e l s  - 1.0 a p p l i e d  t o  g and double amplitude. 

(b) Launch, Boost, Translunar ,  Descent, Stay,  and 
Ascent Sinusoidal  Levels - 1.3  appl ied t o  g and 
double amplitude. 

( c )  Rand? Levels During All Phases - (1.3)2 appl ied  
t o  gz/cps. 

3.8.4.3.2 U l t i m a t e  Loads. - 
(a)  Prelaunch Packaged and Unpackaged Sinusoida l  Levels - 

1 . 5  appl ied  t o  g and double amplitude. 

(b )  Launch, Boost, T r a n s l u n a r ,  Descent, S tay  and Ascent 
S inusoida l  Levels - 1 . 5  app l i ed  t o  g and double 
amplitude. 

Randcan Levels During All Phases - ( l . 5 ) 2  appl ied  t o  ( c )  
gr lcPs.  

3.8.4.4 Vibrat ion.  - The tanks s h a l l  suffer no de t r imenta l  effects 
when exposed t o  the input  v i b r a t i o n  condi t ions spec i f i ed  
i n  Table I. For  design, t h e  environmental condi t ions i n  
Table I shall be mul t ip l i ed  by t h e  appropr ia te  s a f e t y  
f a c t o r s  spec i f ied  i n  paragraph 3.8.4.3. The v i b r a t i o n a l  
motion ampl i f ica t ion  f a c t o r  on any por t ion  of t h e  equip- 
ment shall be l imi ted  t o  a maximum of 10 where not a l r eady  
l imi t ed  t o  a lower value by o the r  design requirements. 
This  c r i t e r i a  s h a l l  be subs t an t i a t ed  during development 
testing. I n  cases where t h i s  requirement a p p e a r s  d i f f i c u l t  
t o  accomplish, Grurmnan s h a l l  be consul ted f o r  d i r e c t i o n  
before  proceeding wi th  the  design development. 

3- 8.4,5 Weld Fact.nr; - Fcr desiun CY-- c r  veLC?ec? J e i ~ t s ,  the st.y.ces 
due t o  t h e  MEOP of 3.3.3.2 s h a l l  be increased by a f a c t o r  
of 1.33 above those obtained when t h e  f a c t o r s  of paragraphs 
3.8.4.1.1, 3.8.4.1.2, and 3.8.4.2.2 are appl ied.  

F a i l  Safe.  - Design s h a l l  be such t h a t  system, component, 
assembly, o r  par t  f a i l u r e s  s h a l l  not propagate sequen t i a l ly ,  
i .e. ,  t h e  design shall be " fa i l - s a fe" .  

3-80 5 
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3.8.6.1 

3.8.6.2 

3.8.6.2.1 

Materials, P a r t s  and Processes.  - Materials, parts and 
processes shall be s e l e c t e d  t o  meet detailed requirements 
detennined by design ana lys i s  based on func t ion ,  r e l i ab i l i t y  
and t h e  environment generated by opera t ion  of t h e  u n i t ,  as 
w e l l  as t h e  conditions spec i f i ed  here in .  Materials, parts, 
and processes s h a l l  be subjec t  t o  Grumman approval. 

Titanium Alloy. - A l l  t i t an ium p a r t s  u t i l i z e d  shall be made 
of a material which, as a minimum, meets wi th  t h e  requi re -  
ments of MIL-T-9047C, Class 5 o r  MIL-T-904&, Class 2. 
o ther  requirements of t h i s  s p e c i f i c a t i o n  impose higher  o r  
more s t r i n g e n t  requirements, then  t h e  h ighes t  or most 
s t r ingen t  requirements s h a l l  govern. Exception t o  t h e  
chemical composition of MIL-T-9047C, Class 5 is allowed t o  
the  ex ten t  t h a t  the maximum Aluminum content  permitted 
shall be 6.75 percent and n o t  6.50 percent.  

When 

Processes.  - 

Fabr ica t ion  and Heat T r e a t  Processes.  - Speci f ic  f a b r i c a t i o n  
and heat  treat processes employed t o  meet t h e  requirements 
of t h i s  spec i f i ca t ion  shall be es t ab l i shed  and recorded. 
These processes as appl icable  shall include but  are not 
l i m i t e d  t o  the  following: 

( a )  Annealing and stress relieve temperatures 

(b) Preheat  cycle 

( e )  So lu t ion  anneal cycles  

( d )  Aging cyc le  

(e)  Quench media and time 

( f )  Furnace atmosphere 

(g)  Tooling and f i x t u r e s  
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3.8.6.2.1 

3.8.6.2.2 

3.8.6.2.2.1 

3.8.6.2.2.2 

3.8.6.2.2.3 

( C ont i nue d ) 

(h )  Process, pract ice ,  and con t ro l s  t o  be used 

(i) Capabi l i ty  demonstration - d i s t o r t i o n  con t ro l  
and correction, me ta l lu rg ica l  and mechanical 
proper t ies .  

Welding. - All welding of t h e  tank  s h e l l  subassembly 
shall be performed by Grumman approved methods of 
mechanized tungsten ( T I G )  i n e r t  gas process using an 
i n e r t  gas chamber o r  equivalent l o c a l  i n e r t  gas 
shielding.  Criteria f o r  approval  s h a l l  be i n  accord- 
ance wi th  Sec t ion  4 of t h i s  spec i f i ca t ion .  

Type of Weld. - Only b u t t  welds  s h a l l  be permitted on 
t h e  tank  s h e l l s .  

I n e r t  Shie ld ing  Gas. - I n e r t  gas used f o r  sh i e ld ing  
shall be  : 

( a )  Argon i n  accordance wi th  MIL-A-18455B. 

( b )  Helium Grade A i n  accordance wi th  U.S. Department 
of I n t e r i o r  Bu l l e t in  585. 

( c )  Any combination of (a) and ( b )  of a grade 
s p e c i f i c a l l y  designated f o r  welding, and wi th  
a maximum dew point of -650~. 

Other Weldments. - Manual welding i s  permitted provided 
welding i s  performed i n  an i n e r t  gas chamber or equiva len t  
having adequate controls  t o  insure  sound welds. I n e r t  
gas shall conform t o  3.8.6.2.2.2. 
performed by  welders c e r t i f i e d  t o  t h e  appl icable  c l a s s i f i c a -  
t i o n  and group as s p e c i f i e d  i n  MIL-T-5021C. V i s i b l e  cracks 
of any kind i n  weld mtel or  parent  metal s h a l l  not be 

methods. 

Welding s h a l l  be 

or.na.n+-ahlc. \ V - j i &  sk.,a-j-j ir,gsc+*fi ?-+7 y&tcgr@tc u,bb*y "Lo"-. 
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3.8.6.2.3 F i l l e r  Wire. - F i l l e r  wire used for welding t i t a n i u m  s h a l l  
be commercially p u r e  t i t an ium i n  accordance wi th  AMS4951. 

3.8.6.2.4 Mismatch. - The allowable mismatch of welded tank  sec t ions  
s h a l l  be a maximum of 20$ of the  material th i ckness  up 
t o  0.045 inch  th ickness .  

3.8.6.2.5 Weld Bead. - The width of tank s h e l l  subassembly weld 
beads shall be no g r e a t e r  than  0.250 inches of any weld 
j o i n t .  The maximum buildup of the weld bead s h a l l  be 
equa l  t o  o r  less than  0.020 inch and t h e  maximum drop- 
through s h a l l  be equa l  t o  o r  less than  0.020 inch. 

3.8.6.2.6 Penet ra t ion .  - Complete 10% penet ra t ion  s h a l l  be 
achieved throughout t he  length  of a l l  fus ion  welded 
j o i n t s .  

3.8.6.2.7 Planishing. - Weld beads s h a l l  not be planished. 

3.8.6.3 Mate r i a l  Proper t ies .  - Uniaxia l  ma te r i a l  p rope r t i e s  of 
heat t r e a t e d  t i t an ium a l l o y  tank  s h e l l  subassemblies as 
determined by room temperature examination of t e s t  
coupms, s h a l l  be i n  accordance wi th  t h e  following 
requirements: 

Parent Mater ia l  Weld Specimen 

Longitud- Trans - 
i n a l  verse  

U l t i m a t e  s t r eng th  ( p s i )  min. 160,000 

Y i e l d  s t r e n g t h  0.2$? o f f s e t  
( p s i )  min. 145,000 

Elongation (% i n  4 D i a )  min. 

Elongation ($ i n  2 inch) min. 

Round Spec-.nen 

F l a t  Specimen 
E! 

6 
Reduction of Area % min. 10 

155,000 130,000 

140,000 120,000 
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3.8.6.4 

3.8.6.5 

3.8.7 

S t r e s s  Relieving. - A l l  t i t an ium welds s h a l l  be aged o r  
stress re l ieved ,  o r  both. 

Rework Procedures. - Should weld d i s c o n t i n u i t i e s  be 
de tec ted  i n  excess of t he  requirements of 4.4.1.1.5,  
t h e  de fec t ive  areas s h a l l  be r e p a i r  welded using t h e  
procedure developed i n  paragraph 4.4.1.1.4. No more 
than  two r e p a i r s  sha l l  be permitted i n  the  same a reas .  

Diss imi la r  Metals. - Diss imi la r  metals s h a l l  not be used 
i n  contact wi th  each o ther  unless s u i t a b l y  pro tec ted  
aga ins t  e l e c t r o l y t i c  and chemical corrosion o r  d e t e r i o -  
r a t i o n  t o  t h e  extent t h a t  no contamination or opera t iona l  
impairment i s  added t o  t h e  system f o r  t h e  l i f e  of t h e  
p a r t .  
spec i f i ed  he re in  s h a l l  be considered when determining 
t h e  ex is tence  of an undesirable d i s s i m i l a r  metal  
comb ina t  ion. 

The f l u i d s  (3.2) and environmental condi t ions  

3.8.8 Bonding. - Bonding s h a l l  be i n  accordance wi th  the  
requirements of LSP-390-001. 

3.9 Workmanshig. - All phases of workmanship s h a l l  be performed 
i n  a thoroughly worlananlike manner i n  accordance wi th  t h e  
app l i cab le  drawings, s p e c i f i c a t i o n s  and standards.  Processes 
and manufacturing methods , not covered by s p e c i f i c a t i o n s  
shall be e n t i r e l y  s u i t a b l e  for t h e  a r t i c l e ,  and workmanship 
s h a l l  be i n  accordance wi th  high grade spacecraf t  p rac t i ce .  
The q u a l i t y  of workmanship s h a l l  not degrade t h e  r e l i a b i l i t y ,  
p e r f o m n e e  and l i f e  inherent i n  t h e  design of t h e  a r t i c l e .  
A l l  su r f aces  s h a l l  be smooth and f r e e  from poros i ty ,  burrs, 
chips,  dents ,  and o t h e r  i r r e g u l a r i t i e s .  

3.10 Weight. - The vendor shall endeavor t o  produce t h e  l i g h t e s t  
p r a c t i c a l  assemblies capable of meeting t h e  requirements of 
t h i s  spec i f i ca t ion .  The s p e c i f i c a t i o n  dry weight shall be 
as shown i n  Table V. The vendor shall e s t a b l i s h  and main- 
t a i n  a weight cont ro l  program as ou t l ined  i n  t h e  purchase 
order t o  insure t h a t  t h e  maximum weight i s  not exceeded. 

I 
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3.10.1 

3.11 

3.12 

3 .12 .1  

3 .12 .1 .1  

3-13 

3.13.1 

3.13.2 

Moment of I n e r t i a  and Center of Gravity.  - The vendor s h a l l  
determine t h e  center of grav i ty  loca t ion  and t h e  moments of 
i n e r t i a  of both assemblies. 

Surface Roughness. - Surface roughness s h a l l  be es tab l i shed  
f o r  a l l  i n t e r i o r  and e x t e r i o r  surfaces  and spec i f ied  i n  
accordance with MIL-STD-1OA. Values es tab l i shed  on Speci- 
f i c a t i o n  Control Drawing  LSC-30-405 s h a l l  not be exceeded. 

Cleanl iness .  - The i n t e r i o r  of t he  helium and propel lant  
compartments including t h e  standpipe s h a l l  meet t h e  c l e a n l i -  
ness requirements of Table V I  when t e s t e d  i n  accordance w i t h  
4 .4 .3 .2 .2 .6 .  

Cleaning Process.  - me cleaning process s h a l l  not impair 
t he  c leanl iness  s t a tus  or other  requirements of t h e  tank 
assembly. 

Marking. - Each tank assembly which has been t e s t e d  i n  and 
approved as clean i n  accordance with 3.12 shall have a 
s u i t a b l e  permanent warning marking at tached t o  t h e  outs ide  
of t h e  tank assembly s t a t i n g ,  "OPEN I N  CLEAN ARE24 ONLY.'' 

F in ish .  - 
Tank Assembly Components. - No f i n i s h  i s  required on t i tanium 
alloy o r  corrosion r e s i s t a n t  steel components. Aluminum alloy 
components s h a l l  be alodized i n  accordance w i t h  KlL-C-5541 and 
subsequently t r ea t ed  so  as t o  prevent t h e  r eac t ion  of t he  
surface f i l m  w i t h  t h e  propel lan ts  spec i f i ed  i n  3.2.  
treatment following t h e  a lodiz ing  should a l s o  minimize 
p a r t i c u l a t e  contamination of propel lan ts  by t h e  alodize 
f i l m .  

The 

Tank Assembly Exter ior .  - A pro tec t ive  e x t e r i o r  coat ing which 
can be s t r ipped  r ead i ly  without daslage t o  t h e  tank  assembly 
s h a l l  be provided by t h e  vendor over t h e  f i n i s h  spec i f ied  
i n  3.13.1. 

I 
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3.14 

3.14.1 

3.14.1.1 

3.14.1.2 

3.14 .l. 3 

3.14.1.4 

3.14 .l. 5 

Marking and Iden t i f i ca t ion .  - The tank  assembly and. i t s  
subassemblies shall be marked and i d e n t i f i e d  as spec i f ied  
below : 

I d e n t i f i c a t i o n  Terms. - 
Nomenclature. - Nomenclature s h a l l  be t h e  same as t h e  
approved t i t l e  of t h e  spec i f i ca t ion  o r  drawing t o  which 
t h e  i t e m  i s  designed. I n  a l l  ins tances ,  t h e  p r i n c i p a l  
i den t i fy ing  noun o r  noun phrase s h a l l  appear f i rs t .  Where 
l i m i t a t i o n  of space precludes s p e l l i n g  out the e n t i r e  t i t l e ,  
it rnay be abbreviated t o  t h e  folluwing extent :  
noun o r  noun phrase s h a l l  be spe l l ed  out and t h e  s i g n i f i c a n t  
m d i f  i e r s  (which e s t ab l i sh  accurate  i d e n t i f i c a t i o n )  abbrevi- 
a t ed  per MIL-STD-12B. 

t h e  p r i n c i p a l  

Design Control Number. - This number i s  used t o  i d e n t i f y  
design cont ro l  documents ( e .g . :  Grumman o r  vendor s p e c i f i -  
ca t ion  number). 
whose spec i f ica t ions  and engineering drawings cont ro l  t he  
design and production of an i t e m .  

It i s  assigned by t h e  design a c t i v i t y  

S e r i a l  Number o r  Lot Number. - S e r i a l  o r  l o t  number assign-  
ment sha l l  be es tab l i shed  by procedure subjec t  t o  Grumman 
approval.  These numbers s h a l l  be unique and consecutively 
assigned t o  items bear ing  t h e  i d e n t i c a l  manufacturer 's  
p a r t  number. 

Contract Number. - The cont rac t  number (NAS 9-1100) i d e n t i f i e s  
t h e  NASA/Grumman cont rac t  f o r  t h e  LEM. 
be marked on all items. I n  addi t ion ,  each i t e m  s h a l l  be 
marked w i t h  t h e  appl icable  Purchase Order (P.O. ) number. 

This number s h a l l  

Manufacturer's Part  Number. - The manufacturer's part number 
s h a l l  be the number iden t i fy ing  t h e  drawing ( including dash 
number( s )  i f  t h e  drawing is- tabula ted  o r  & t i d e t a i l )  - t o  

t o  i d e n t i f y  sa les ,  o u t l i n e ,  i n s t a l l a t i o n ,  spec i f i ca t ion  
cont ro l  o r  purchase cont ro l  drawings f o r  procurement of 
items by contractors  shall not be used as t h e  manufacturer's 
part number. A n  i t e m  s h a l l  always be i d e n t i f i e d  by the p a r t  
number assigned by t h e  manufacturer throughout i t s  l i f e ,  
regard less  of where used. 

which an i t e m  is aci;-iy mii-&act-cr&. 'hT.--'hn-rn LV LUuuFia GI 
9." a n n i  0 *e'*"- n n o A  

Eng.219C 
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3.14.1.6 Manufacturer 's  Name, Trademark or Code Symbol. - 
The name, trademark c)r code symbol en tered  s h a l l  

3.14.1.7 

be t h a t  of t he  a c t i v i t y w h o  e s t a b l i s h e s  and is 
responsible  for the manufacturer ' s  i d e n t i f i c a t i o n ,  
provided it is c l e a r l y  separa ted  therefrom by a 
dash, s l a s h ,  parenthesis ,  or o the r  s u i t a b l e  means. 

Spec ia l  Charac t e r i s t i c s  and Information. - Under 
t h i s  heading per t inent  r a t ing ,  operat ing charac te r -  
i s t i c s ,  assembly date  and o the r  information 
necessary f o r  i den t i f i ca t ion ,  i f  any, may be 
ent e re d . 
lJ.S. - The notation "1U.S." s h a l l  denote Government 
ownership. 
LI3.4 s h a l l  not be used. 

- 3.14.1.8 
Other no ta t ions  such as USA, NASA o r  

3.14.2 I d e n t i f i c a t i o n  Data Requirements. - ,411 items s h a l l  
be i d e n t i f i e d  i n  accordance wi th  t h i s  s p e c i f i c a t i o n  
p r i o r  t o  being subjected t o  t h e i r  q u a l i t y  assurance 
requirements. 

The following data s h a l l  apply t o  a l l  i t e m s :  

Nomenclature 

Design Control No. (The appl icable  Grumman Spec i f i ca t ion  
Control Drawing No. and dash number) 

S e r i a l  Number 

Contract Number 

Manufacturer ' s  Par t  Nanber 

Manufacturer'  s Name, Trademark or Code Symbol 

Spec ia l  Charac t e r i s t i c s  (when a p p l  icab1.e) 

U.S.  (Notai;ior,) 

EDP Sheet No - 
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3.14.3 

3.14.3.1 

3.14.3.2 

3.14.3.3 

3.14.4 

3.14.5 

3.14.5.1 

Location of Nameplate or Markings. - Wherever possible ,  t he  
nameplate o r  marking s h a l l  be v i s i b l e  and readable  a f te r  t h e  
i t e m  i s  assembled o r  i n s t a l l e d .  

I d e n t i f i c a t i o n  of Items Without Sui tab le  o r  Su f f i c i en t  
Marking Surface. - Items which do not  have s u i t a b l e  or 
s u f f i c i e n t  surface t o  r e f l e c t  t h e  complete i d e n t i f i c a t i o n  
d a t a  s h a l l ,  as a minimum, be i d e n t i f i e d  with t h e  manufact- 
u r e r ' s  part number and t h e  serial or l o t  nuyber. Where 
t h i s  i s  not  possible,  t h e  i t e m  s h a l l  be accompanied by 
s u i t a b l e  means of i d e n t i f i c a t i o n  subjec t  t o  G r u m m a n  approval. 

I d e n t i f i c a t i o n  of Unmarked Items Subject t o  Removal After 
I n s t a l l a t i o n .  - The i d e n t i f i c a t i o n  of unmarked i t e m s  subjec t  
t o  removal after i n s t a l l a t i o n  s h a l l  be a,pplied t o  t h e  i t e m  
t o  which t h e  unmarked i t e m  i s  assembled. 
be on a sur face  adjacent t o  t h e  unmarked i tem when assembled. 

This marking s h a l l  

Items Intended f o r  Permanent I n s t a l l a t i o n .  - Items which 
lo se  t h e i r  i d e n t i t y  after i n s t a l l a t i o n  (e.g.: i t e m s  i n s t a l l e d  
by welding and non-removable hardware) s h a l l  not be re- 
iden t i f i ed .  

Reworked or Selected Items. - Items reworked or se l ec t ed  
f o r  spec ia l  f i t ,  performance or to le rance  s h a l l  r equ i r e  new 
o r  supplemental i d e n t i f i c a t i o n  data as spec i f ied  i n  3.14.2. 

Methods of Marking. - I d e n t i f i c a t i o n  of i t e m s  s h a l l  be 
accomplished by marking methods, materials, and nameplates 
which will not adversely a f f e c t  t he  l i f e  or u t i l i t y  of t h e  
i t e m s  t o  which they are appl ied.  A l l  markings s h a l l  be 
capable of withstanding t h e  environmental and l i f e  expectancy 
of t h e  itxi t o  - h i c h  they  are at tached,  and s h a l l  be 
permanent and l eg ib l e  f o r  ready i d e n t i f i c a t i o n .  

Se lec t ion  of Mater ia ls  and Methods of Application. - 
I d e n t i f i c a t i o n  sha l l  be accomplished by one of t h e  following 
--LL - 2  - - 
IllC bllUUb . 
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3.14.5.1 ( Continued ) 

Nameplates 
(wrap around. 
t a g s )  t e s t i n g  per Section 4. 

Attached by a method allowing a l t e r a -  
t i o n  of d a t a  without requi r ing  r e -  

S t e n c i l  or Applied over e x t e r i o r  f i n i s h  and 
decalcomania removable or otherwise a l t e r a b l e  
t r a n s f e r  without a f f e c t i n g  the  e x t e r i o r  f in-sh.  

Acid or Sha l l  be  loca ted  where o b l i t e r a t i o n  
e l e c t r i c  
e tch ing  o r  without t e s t i n g .  
engraving 

Branding, 
emb os s ing for ( e )  above. Approval f o r  use of 
or molding these  methods s h a l l  be received from 

and add i t iona l  markings may be added 

Shal l  be used following the  procedure 

Grumman S t r u c t u r a l  Ehgineering v i a  
Purchasing. 

Other methods m a y  be used provided they  a r e  e n t i r e l y  
s u i t a b l e  for t h e  intended purpose. Methods and 
ma te r i a l s  a re  subjec t  t o  Grumman Ehgineering approval. 
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4 

4.1 

4.1.1 

4.2 

4.2.1 

4.2.2 

4.2.2.1 

4.2.3 

QUALITY ASSURANCE PROVISIONS 

General. - This sec t ion  of t he  spec i f i ca t ion  e s t a b l i s h e s  the  
general  t e s t  and inspection requirements t o  be followed during 
the  propel lan t  tanks t e s t  program. 
t i o n a l  t e s t s  t o  fu r the r  increase the  e f f ec t iveness  of t h i s  pro- 
gram. The program s h a l l  cons i s t  of the  following t e s t  ca tegor ies :  

The vendor may propose addi- 

( a )  Development Tests 

( b )  Q u a l i f i c a t i o n  Tests  

( c  ) Acceptance Tests 

Witnessing o f  Tests.  - Grumman and t h e  designated goverranent 
inspec t ion  agency s h a l l  be advised 48 hours i n  advance when 
scheduled t e s t s  a r e  t o  be conducted so t h a t  a represent ive  may 
be designated t o  witness t h e  tests. 

T e s t  F a c i l i t i e s .  - 

General. - Pr iva te ,  commercial or government t e s t  f a c i l i t i e s  
may be used subject  t o  Grumman approval of the  t e s t  plan.  

Environmental Test F a c i l i t i e s .  - The environmental t e s t  f a c i l i -  
t i e s  used i n  conducting t e s t s  s h a l l  be capable of producing 
and main ta in ingthe  test  condi t ions out l ined  i n  the  t e s t  plan.  
These f a c i l i t i e s  s h a l l  be of a capac i ty  and/or volume such t h a t  
t he  i tem under test  shall not  i n t e r f e r e  with the  generat ion 
and maintenance of t he  required tes t  conditions.  

Environmental Protect ion.  - Equipment which requi res  s p e c i a l  
environmental control ,  such as hermetic sea l ing ,  i n su la t ion ,  
v ib ra t ion  i so l a t ion ,  e t c . ,  sha l l  be t e s t e d  with the  s p e c i a l  
environmental control  appl ied.  

Standard Conditions. - Tests  conducted without u t i l i z i n g  s p e c i a l  
environments s h a l l  be conducted under t h e  following s tandard 
ambient conditions:  

( a )  Temperature 7 7 O  - + 20% 
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4.2.3 

1,- . 2 . 4 

4.2.4.1 

( Continued ) 

(b) Relative Humidity 100% or less 

Local Atmospheric (c) Barometric Pressure 

Instrumentation Calibration. - All instrumentation shall be 
in accordance with ~I~-~-45662A. 

Tolerances 

(a) Test Equipment - Equipment to measure the tank assembly 
parameters shall have an accuracy of one order of magni- 
tude (factor of ten) greater than the required accuracy 
of the measurement to be made. 
requirement shall have approval by Grumman. 

Deviations from this 

(b) Test Conditions - The tolerance on test conditions shall 
be specified for each test. Acceptable values are: 

Temperature - + 3 . 0 O ~  

Vibration Amplitude - + 10% 

+ 2% Vibration Frequency - 
Random Vibration: The vibration acceleration 
density applied to the test item shall be within 
- + 3 db of the specified test level over broad 
regions of the spectrum 'between 20 and 1000 cps 
and - + 4 db between 1000 and 2000 cps. 

Shock Amplitude - +15% 

Acceleration Amplitude - + 5% 

Barometric Pres sur e - + 2% 

Humidity - +5% 

EDP Sheet No. - 
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I ( b )  (Continued) 

- + 5% 

- + 5% 

(11) Flaw Rates - + 5% 

(9)  T i m e  

( 1~ ) Pressure 

4.2.5 Sensing and Recording Equipment. - Sensing and recording 
equipment of adequate response s h a l l  be used t o  ob ta in  data 
during t r a n s i e n t  conditions of t he  tank assembly operat ion 
requi r ing  t h e  evaluat ion of t i m e  versus t e s t  data. 

t 
. 

4.2.6 Mounting Fix tures .  - The mounting f i x t u r e s  shall expose t h e  
items under t e s t  t o  t h e  dynamic tes t  environment i n  a manner 
that is representa t ive  of t h a t  i n  which it w i l l  be exposed i n  
t h e  LE51 System. 

4.3 Tes t  Procedures. - 
4.3.1 Operational.  - The tank  assembly s h a l l  be subjected t o  t h e  

opera t iona l  t e s t  spec i f ied  below. The tes t  s h a l l  be performed 
twice : Once wi th  the  propel lant  temperature s t a b i l i z e d  a t  
40OF o r  luwer; t h e  second t i m e  wi th  t h e  propel lant  temperature 
s t a b i l i z e d  a t  lOOoF o r  higher.  
v e r i f y  f i l l i n g  methods and expulsion e f f i c i ency .  
o u t l e t  and tank vent shall be or ien ted  downward during 
f i l l i n g  and upward during expulsion. 
performed such that ox id ize r  flow rates of 0.22, 0.44 and 
0.88 lbs / sec  are used f o r  60, 30 and 10 percent of t h e  tes t  
dura t ion  respect ively.  
0.44 lbs/sec would apply  i n  similar mnner.) 

(a) 

The test  shall be used t o  
The tank 

Expulsion shall be 

(Fuel flow rates of 0.11, 0.22 and 

F i l l  t h e  propel lant  s i d e  of t h e  system wi th  t h e  tank 
vent  opened t o  t h e  fill s t a t i o n  r e t u r n  l i n e .  This l i n e  
s h a l l  have a pressure con t ro l  t o  assure t h a t  tank 
pressure is above t h e  vapor pressure of t he  f u e l  and 
ox id ize r  . 
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4.3.1 

4.3.1.1 

(Continued) 

Fill the tanks, both oxidizer and fuel, to the maximum 
full level. 
flow of liquid is discharged through the tank vent. 

This will be accomplished when a steady 

Close off the fill and return connections. 

Apply a helium pressure of 25 psig to the tanks. 

Open the return connection and bleed off the required 
amounts of ullage by weight, through the tank vent into 
the fill return lines. 

Close off the return connection. 

Apply helium at a temperature no w m r  than 40%' with 
40" propellant and helium no colder than 100q 
with lOOoF propellant and at a pressure of 181 +4 psig 
to the inlet port and expel the propellant using flow 
burst of random duration varying from 5 seconds to 360 
seconds. 

Compliance with the requirements of 3.3.3.5, 3.3.4 and 
3.3.5 shall be determined during filling and expulsion. 

Record and report fill capacity and propellant expelled. 

Acceptance Operational Test. - The tank assembly shall be 
subjected to the operational test specified below. 
shall be performed with a simulated propellant. The test 
shall be used to check filling and expulsion efficiency. 
tank outlet and tank vent shall be oriented downward during 
filling and upward during expulsion. 

The test 

The 

(a) Fill the propellant side of the system with the the tank 
--,,n+ anon 
V L L l "  "yL.rl. 

(b) Fill the tanks to a maximum full level. 
accomplished when a steady flow of liquid is discharged 
through the tank vent. 

This will be 

I 
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4.3.1.1 

4.3.2 

4.3.2.1 

4.3.2.2 

4.3.2.3 

4.3.3. 

( Continued ) 

(c) 

(d) 

(e) 

Close off the fill and return connection. 

Apply a helium pressure to the tanks. 

Open the return connection and bleed off the required 
mounts of ullage by weight, through the tank vent. 

Close off the return connection. 

Apply helium at ambient temperature (approximately 7O0F) 
at a pressure of no more than 181 psig to the inlet port 
and expel the simulated propellant, riot exceeding 
maximum flow rate of .88 pounds per second. 

(f) 

(g) 

Leakage. - 

Leak Detection. - All sealed compartments of the tank 
assemblies shall be tested for leakage as specified be-3w. 
The vendor shall propose methods of leak detection and 
measurement for each test. 

External Helium Leakage. - The external leakage test shall 
determine the amount of helium leakage through the tank shell 
and through any seals between the interior and exterior of the 
unit. 
vendor to show compliance with the requirements of 3.3.2.2. 

The proposed test method shall be developed by the 

External Propellant Leakage. - The external propellant 
leakage test shall determine the amount of propellant leakage 
from the propellant compartment to the tank exterior. 
proposed test method shall be developed by the vendor to show 
compliance with the requirements of 3.3.2.4. 

The 

Proof Pressure. - The assembly without bladder shall be 
subjected to a hydrostatic pressure of 333 psig minimum for 

of strain measurement shall be applied during developnent test 
only to the unit before the test. 
test, the strain measurement devices shall be examined for 
evidence of localized yielding. The volumetric change shall 
be measured and recorded. Evidence of deformation adversely 
affecting operation shall be cause for rejection. 

a Fei-lod of Ij EI~ZL~CS. St rz i .~  g ~ g e ~  ~r ether apprsve6 mpf_hr\fic 

At the conclusion of the 
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4.3.4 Burst Pressure. - The assembly without bladder shall be 
hydrostatically pressurized to failure. The rate of application 
shall be in increments equal to 10 percent of the burst pressure 
until proof pressure is reached, then in increments of 5 per- 
cent burst pressure for a period of 30 seconds minimum. Between 
increments the volumetric expansion shall be measured in 
milliliters to an accuracy of 0.3 milliliters and then recorded. 
When burst pressure is reached, it shall be sustained for 2 
minutes, and recorded unless rupture occurs. 

4.3.5 Fluid Compatibility. - The effects on components of the chemical 
action of the fluids within the specification limits of the 
fluids as well as the effects of aging with fluids, drying in 
air, contact with vapors or the worst combination thereof, or 
both, shall be determined and qualifying criteria shall be 
proposed in the test plan. The test conditions shall simulate 
as closely as practicable those encountered in the actual appli- 
cation. This test shall include aging of each component with 
the fluid with which it is to be used to show compliance 
with the requirements of 3.3.9. 

4.3.6 Volume Verification Test. - This test shall be performed to 
show compliance with the requirements of 3.2.1.2 and 3.2.2.2 
(for oxidizer and fuel tanks respectively.) 
be filled with the quantity of propellant specified in 3.2.1.2 
or 3.2.2.2 at a temperature of no more than 65O~. 
propellant compartment initially pressurized to no less than 
25 psig and the helium compartment positively capped, the 
assembly shall be heated to a stabilized temperature of at 
least 100°F. 
shall be recorded and reported. 

The assembly shall 

With the 

The resultant propellant compartment pressure 

4.3.7 Slosh. - The slosh test shall be performed with the assembly 
mounted with its X axis vertical and the propellant compart- 
ment filled with simulated propellant to l / 3  capacity. 
Pressurization of the helium compartment is not required. 
slosh test equipnent shall produce reciprocating motion and 
subject the unit io a c c ~ i e ~ ~ a t i o i i  of G.lg. 
motion shall be applied in a direction perpendicular to the X 
axis. Cycling shall be performed at the natural frequency 
of the fluid based on the propellant mass and tank configuration 
The camputed natural frequency shall be checked experi- 
mentally by cycling at several frequencies below and 

The 

Tk;c reciprocating 

t : n ~ - 2 7 9 C  
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4.3.7 

4.3.8 

4.3.9 

4.3.10 

(continued) 

above t h e  n a t u r a l  frequency for s e v e r a l  cycles t o  
determine t h e  frequency developing the  l a r g e s t  s lo sh  
amplitude. A cycle i s  defined as one s losh  impulse. 
500 s l o s h  cycles s h a l l  be performed. 
of t h e  s l o s h  test, perform the  leakage t e s t  of 4.3.2.3. 

A f t e r  conclusion 

Shock. - The test  u n i t s  s h a l l  be  mounted i n  accordance 
wi th  4.2.6. The measurement of t h e  shock input s h a l l  be 
accamplished a t  the mounting i n t e r f a c e  of t he  test  u n i t .  
The t e s t  s h a l l  be conducted under standard conditions of 
4.2.3. 

Sustained Acceleration. - The test  u n i t  s h a l l  be mounted 
on t h e  t e s t  appara tus  ( cen t r i fuge )  i n  such pos i t ions  t o  
produce t h e  acce lera t ions  shown i n  Table I V  a t  t h e  tank  
c e n t e r  of g r a v i t y  and i n  t h e  d i r e c t i o n s  spec i f i ed  f o r  a 
p a r t i c u l a r  t e s t .  The tes t  apparatus shall be of such 
s i z e  that t h e  gradient across  t h e  t e s t  item s h a l l  not be 
g r e a t e r  than  + 25% of t h e  input a c c e l e r a t i o n  through the  
c.g. of t h e  tzst i t e m .  
conditions of 4.2.3. 

The test  s h a l l  be run a t  standard 

Vibration. - The v i b r a t i o n  shall be  accomplished i n  t h e  
t h r e e  mutual ly  perpendicular d i r e c t i o n s  p a r a l l e l  t o  t h e  
spacec ra f t  x-x, y-y, and z-z coordinate axes. The 
spacecraf t  coordinate axes are defined i n  t h e  spec i f  i- 
c a t i o n  con t ro l  drawings. Tes t  u n i t s  and j i g  assemblies 
s h a l l  be mounted d i r e c t l y  t o  t h e  shaker head. I f  t h i s  
type of mounting is  not p rac t i cab le ,  s l i p  t a b l e s  may be 
u t i l i z e d .  A complete log of each v i b r a t i o n  t e s t  s h a l l  
be maintained, including a l l  resonant frequencies,  
instrumentation used, design changes made, and a 
d e t a i l e d  account of t h e  performance of the equipment 
under test .  I f ,  i n  attempting t o  equal ize  v i b r a t i o n  
input  o r  determine f i x t u r e  resonances, it i s  necessary 
t o  apply  v ib ra t ion  energy t o  t es t  u n i t s  p r i o r  t o  a c t u a l  
test ,  t h e  v ib ra t ion  RMS - g value s h a l l  be kept t o  a 
minimum and s h a l l  never exceed 5% of t h e  a c t u a l  test  
va lues  . 
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4.3.10.1 Vibra t ion  F ix tures .  - The f i x t u r e s  connecting t h e  
test  u n i t  with the  shaker head s h a l l  be capable of 
t r ansmi t t i ng  t h e  v ibra t ions  spec i f i ed  herein.  It 
shall be a design object ive t h a t  t hese  f i x t u r e s  
be free of resonances w i t h i n  t h e  t es t  f requencies .  
I n  any event ,  resonant f requencies  of f i x t u r e s  
compensated f o r  test  u n i t  mass, s h a l l  be above 
600 cps. The t ransverse  motion ( c r o s s t a l k )  i n  
any d i r e c t i o n  produced b y  these  f i x t u r e s  s h a l l  
not exceed the  v ib ra t ion  levels  i n  the  transverse 
d i r e c t i o n  spec i f i ed  herein.  The requirements 
ou t l ined  above s h a l l  be v e r i f i e d  by  a s inusoida l  
v ib ra t ion  sweep a t  t e s t  f requencies  using a mass 
simulated dummy test i t e m .  The v ib ra t ion  input 
f o r  t h i s  sweep s h a l l  be nionitored wi th  t r i - a x i a l  
c)r equivalent  accelerometers.  

4.3.10.2 S inusoida l  Vibration. - A s inuso ida l  v i b r a t i o n  
sweep a t  50 percent of t h e  required s inuso ida l  
levels s h a l l  be conducte'd. The v i b r a t i o n  l e v e l s  
shall be measured a t  or  near  each t e s t  u n i t  
mounting loca t ion .  Whenever more than  f o u r  
mounting loca t ions  ex i s t ,  only f o u r  poin ts  need 
be monitored. Any accelerometer f a s t ened  at one 
of t h e  mounting loca t ions  can be used as t h e  servo  
con t ro l  input provided t h a t  : 

(a)  The con t ro l  input 'maintains  levels at the  
test  frequency wi th in  + 1 db of t h e  requi re -  
ments. 

- 

(b) The l e v e l  a t  any input  l o c a t i o n  i s  wi th in  
+ 4 db of the  requirements a t  the  test  
frequency. 
- 

( c )  The average of all inputs  a t  the  t e s t  
frequency is  within - + 2 ab of t h e  requi re -  
ments. 
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4.3.10.2 (continued ) 

Uceeding  t h e  lower l i m i t s  of t h e  above to le rances  
shall be cause f o r  r e j e c t i o n  of t h e  delinquent 
por t ion  of t he  t e s t  and shall n e c e s s i t a t e  rerunning 
only t h a t  por t ion  of t h e  v i b r a t i o n  t e s t .  The 
recording of t h e  accelerometer out put s i g n a l s  
s h a l l  be accmpl ished  on a continuous recording 
device. These s ignals  may be sampled a t  s p e c i f i c  
i n t e r v a l s  except t h a t  t hey  may be continuous 
during Q u a l i f i c a t i o n  t e s t i n g .  The recording 
device shall have a response c a p a b i l i t y  such 
t h a t  t h e  complete s i g n a l  wave form may be examined 
and analyzed. 

4.3.10.3 Random Vibration. - The v i b r a t i o n  input f o r  t h i s  
test shall be cont ro l led  from the  same accelerometer 
as used t o  cont ro l  t h e  s inuso ida l  v i b r a t i o n  test. 
The spectrum a t  t e s t  l e v e l s  s h a l l  be analyzed and 
a p lo t  of acce le ra t ion  s p e c t r a l  dens i ty  (g2/cps) 
versus frequency s h a l l  be compiled f o r  each 
random t e s t .  
maximum band width of l / 3  octave o r  100 cps, 
whichever is less. 

The analyzing f i l t e r  shall have a 

4.3.11 Endurance Cycling. - 

4.3.11.1 Expulsion Device Cyc l iw .  - A t o t a l  of at least 
50 expulsions s h a l l  be performed as described i n  
3.3.6 except that two cycles  s h a l l  be performed 
such t h a t  a t  t h e  end of t h e  expulsion cycle t h e  
helium pressurant  tank s h a l l  be a t  a temperature 
no warmer  than - 2 0 9 .  Test ing  shall be performed 
w i t h  t h e  tank  assembly o r i en ted  i n  t h r e e  mutually 
perpendicular axes. Expulsions shall be equa l ly  
divided between the  t h r e e  o r i en ta t ions .  Propel lan t  
temperature s h a l l  be no wanner than  40°F f o r  one 
q u a r t e r  (1/4) of the cycles and s h a l l  be no co lder  
than  1009 f o r  another qua r t e r .  The remainder of 
t h e  cyc les  shall u t i l i z e  a propel lan t  temperature 
range of 4OoF t o  100%. 
test, t h e  tank  assembly shall be subjec t  t o  t h e  
leakage tes t  of 4.3.2.3. 

A t  t h e  c a p l e t i o n  of t h i s  
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4.3.11.2 

4.4 

4.4.1 

4.4.1.1 

Tank S h e l l  Subassembly Cycling. - The tank s h e l l  subassembly 
and i ts  closeout  device s h a l l  be subjected t o  a t  least 3000 
pressure cyc les .  During each 300 cycle  series,  270 cycles  
s h a l l  be performed using a pressure cycle  of ze ro  t o  n m i n a l  
tank pressure (3.3.3.1) t o  zero,  and 30 cycles  s h a l l  be 
performed using a pressure cyc le  of zero  t o  MEOP (3 .3.3.2)  
t o  zero.  The increasing pressure port ion of each cycle  
shall be completed within 1 . 5  + .25 seconds. - 
Tests. - 

Development Tests. - Development tests are conducted t o  
provide data t o  be used i n  t h e  design o r  i n  t h e  support  
of t he  design of a spec i f i c  component o r  subsystem. 
Development tes ts  may be used t o  determine opera t ing  
c h a r a c t e r i s t i c s  under of f -des ign  condi t ions.  S t r e s s - t o -  
f a i l u r e  development t e s t s  s h a l l  be conducted t o  provide 
f a i l u r e  mode and weak l i n k  c h a r a c t e r i s t i c s  f o r  v e r i f i c a t i o n  
of analysis and determination of s t r eng th  margins. I n  
conjunction wi th  the general thermal design, it i s  requi red  
t h a t  development t e s t s  be run on t h e  equipment under 
simulated thermal environment t o  a s su re  the  c m p a t i b i l i t y  
of t h e  thermal design w i t h  t h e  spec i f i ca t ion .  Vibra t ion  
ampl i f ica t ion  f a c t o r s  s h a l l  be subs t an t i a t ed  during 
development t e s t i n g .  Development tests shall be 
categorized as f o l l w s  : 

(a) Design F e a s i b i l i t y  Tests  

(b )  Design Ver i f i ca t ion  Tests 

Tests under both  ( a )  and ( b )  w i l l  be  run wi th  simulated 
propel lan ts ,  except f o r  t h e  volume v e r i f i c a t i o n  t e s t  
which w i l l  use a c t u a l  propel lan ts .  

Design F e a s i b i l i t y  Tests .  - Design f e a s i b i l i t y  t es t s  shall 
include a l l  tests conducted f o r  t h e  following purposes: 

(a) Component and part s e l ec t ion .  

(b )  Inves t iga t ion  of t h e  performance of breadboard models, 
components and subassemblies under var ious environ- 
mental  conditions.  

( c )  Se lec t ion  of mater ia l s .  

(d )  Subs tan t i a t ion  of s a f e t y  margins o r  o ther  a n a l y t i c a l  
assumptions. 
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4 . 4 . 1 . 1 . 1  Titanium Billets and Forgings. - Titanium billets and 
forgings shall be in accordance with the applicable 
portions of 3.1.1.1 and Table VII. 

4.4.1.1.2 Titanium Welding. - Weld process approval for a particular 
weldment shall be granted after a demonstration has 
proved that the test rings of 4 . 4 . 1 . 1 . 3  meet the tensile 
strength requirements of 3 .8 .6 .3 .  
test ring or component weld, shall require weld process 
reapproval. 
of 3 . 8 . 6 . 3 .  

Premature failure of a 

Repair welds shall also meet the requirements 

4 . 4 . 1 . 1 . 3  Titanium Test Rings. - The strength, ductility, and the 
potential effect of weld defects shall be evaluated by 
circumferentially welding four test rings of the diameter 
of the propellant tanks and thickness of the weld re- 
inforcement section. The welding processing details and 
procedures shall be identical to those to be employed in 
the fabrication of the propellant tanks. Each test ring 
shall be inspected for compliance with welding requirements 
of paragraph 3 .8 .6 .2  and 4.4 .1 .1 .5 .  A minimum of three (3) 
longitudinal and six (6) transverse tensile test specimens 
as shown in Figure 2, shall be machined f rom each ring and 
tested to evaluate the efficiency of the weld. Locations 
and condition of all tensile test specimens shall be 
in accordance with approved procedures prior to machining 
and testing as per FED-S”D-151 Method 211. Weld bead 
reinforcement shall be on or off, whichever is planned for 
the production tanks. In the event that a welding process 
change is planned during fabrication of the propellant tanks 
which may affect the joint efficiency, four additional 
test rings as described above shall be prepared for test. 

4 . 4 . 1 . 1  4 Titanium Repair Welds. - The feasibility of producing 
sound repair welds and multiple repair welds shall be 
demonstrated by fabricating four  additional test rings 
and testing each ring as follows: 

(a) 1st 120 degree segment Single Weld 

(b) 2nd 120 degree segment Repair Once 
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4.4.1.1.4 

4.4.1.1.5 

4.4.1.1.5.1 

( Continued ) 

( e )  3rd 120 degree segment Repair Twice 

The long i tud ina l  and t ransverse  t e n s i l e  specimens s h a l l  
be taken fran each s e p e n t  of each r ing .  
s h a l l  be 100 percent rad iographica l ly  inspected. The 
r e s u l t s  s h a l l  be submitted t o  Grumman f o r  approval. I f  
a d d i t i o n a l  repairs and procedures a r e  a n t i c i p a t e d ,  such 
r e p a i r s  and procedures s h a l l  a l s o  be demonstrated. 

The weldment 

Weldment Discont inui t ies .  - 

P o r o s i t i e s .  - 

Sizes  g r e a t e r  than 9.012 inch diameter are unacceptable 

The spacing of pores  g r e a t e r  than  0.007 inch  diameter 
and up t o  and including 0.012 inch diameter sha l l  not 
be less than  0.150 inch. 

The spacing of pores  less than  and equal t o  0.007 inch 
diameter shall not be l e s s  t han  10 diameters of t h e  
l a r g e s t  pore w i t h  a minimum spacing of 0.040 inch  
allowable. 

The spacing of pore combinations l i s t e d  i n  items ( b )  
and ( e )  i n  addi t ion  t o  meeting t h e  above requirements 
shall not be less than  0.125 inch. 

A maximum of 7 pores p e r  inch s h a l l  not be exceeded. 

Elongated porosity i n  which t h e  m a j o r  a x i s  i s  g r e a t e r  
t han  twice the  minor axis is unacceptable. 

Po ros i ty  wi th  tai ls  i s  unacceptable. 

Surface pores larger t han  5 percent of m a t e r i a l  
th ickness  a r e  unacceptable. 
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4 . 4  1 . 1 . 5 . 2  

4 . 4 . 1 . 1 . 5 . 3  

4 . 4 . 1 . 1 . 5 . 4  

4 .4 .1 .1 .5 .5  

4 .4 .1 .1 .5 .6  

4 . 4 . 1 . 1 . 5 . 7  

4 . 4 . 1 . 1  5.8 

4 . 4 . 1 . 1 . 6  

4 . 4 . 1  1 7 

4 .4 .1 .1 .7 .1  

Tungsten o r  Other Inc lus ions .  - 

( a )  S izes  greater  than  0.007 inch are unacceptable.  

(b )  

( c )  

Spacing l e s s  t han  0.250 inch i s  unacceptable 

Total  number s h a l l  no t  exceed 5 per  weldment 

General. - A c l u s t e r  i s  def ined as 3 t o  5 pores per  inch 
The spacing between c l u s t e r s  s h a l l  no t  be l e s s  than  one 
inch and a m a x i m u m  of 4 c l u s t e r s  pe r  l i n e a r  f o o t  s h a l l  
not  be exceeded. Inc lus ions  w i l l  not  be allowed wi th in  
any poros i ty  c l u s t e r  and s h a l l  be spaced a minimum oi' 
0.250 inch from a c l u s t e r .  

Incomplete Penetrat ion.  - UmxceptaEe .  

Cracks. - Unacceptable. 

Under Cut of t h e  Weld Bead Below t h e  Face of t h e  Parent 
Metal. Unacceptable. 

Concavity of t he  Weld Bead Under t h e  Face of t h e  Parent  
Metal. - Unacceptable. 

Visual  Amearance. - Discolora t ion  o r  o ther  evidence of 
contamination i s  unacceptable 

Heat Trea t .  - The m e t a l l u r i g i c a l  t e s t  samples required 
by 4 . 4 . 1 . 1 . 3  s h a l l  be subjec ted  t o  t h e  same hea t  t r ea t  
cycle  as the  production tank .  Tens i le  specimens may be 
s t ra ightened  p r io r  t o  hea t  t r ea t .  

Mechanical Proper t ies .  - Ultimate s t r eng th ,  y i e l d  s t r eng th ,  
and elongat ion,  of each t e n s i l e  specimen shall be determined 
per  FED-STD-15lMethod 211. 

Microspecimen. - The microspecimen M of Figure 2 s h a l l  
be examined as f o l l o w s :  

( a )  Microetch-Photographs (2x)  s h a l l  be taken of t h e  weldment 
cross-sect ion as etched. 
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4.4.1.1.7.1 

4.4.1.1.8 

4.4.1.1.8.1 

4.4.1.1.8.2 

4.4.1.1.9 

(Continued) 

(b )  Microhardness testing-Microhardness surveys (Knoop 
200-gram identure  o r  equiva len t )  shall be conducted 
on the  weldment c ross -sec t ions  (weld bead through 
hea t  a f fec ted  zone t o  parent metal). 

( c )  Microetch-Photomicrographs (1OOX)  s h a l l  be taken of 
each weldment c ros s  - sec t  ion  

Weldment Inspection. - Each t i tan ium weldment s h a l l  be 
v i s u a l l y  inspected and 100% radiographic and f luorescent  
penetrant  inspected after welding, f o r  compliance wi th  
4.4.1.1.5 p r i o r  t o  f u r t h e r  processing. 
ments must be 100% rad iographica l ly  inspected. 

All o the r  weld- 

Radiographic Inspection. - Weldments s h a l l  be 100% 
rad iographica l ly  inspected per MIL-STD-453. 

Fluorescent  Penetrant Inspect ion.  - All t i t an ium weldments 
shall be 100% inspected p e r  MIL-I-6866~ using Group V post 
emulsif ied penetrant p e r  MIL-I-25135C, af ter  f i n a l  pro-  
cess ing  and after acceptance tests are completed. 

Titanium Heat Treat Tes t  Specimens. - Six  test  specimens 
s h a l l  be machined from equa l ly  spaced loca t ions  on trepanned 
d i sc s  or trim rings of each hea t  t r e a t e d  forg ing .  Three 
specimens s h a l l  be t e s t e d  t o  check t h e  a c c e p t a b i l i t y  of 
t he  forg ing  per  Table VII. During t h e  stress rel ief  or 
aging of each tank, t h r e e  t es t  specimens o r ig ina t ing  from 
each fo rg ing  shall be suspended a t  equal ly  spaced loca t ions  
around t h e  tank and tes ted t o  check the  f i n a l  p roper t ies  
of t h e  tank  per 3.8.6.3. 
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4.4.1.1.10 

4.4.1.1.10.1 

4.4 1 2  

4.4.1.2.1 

Measurement. - Each tank subassembly wall shall be 
inspected dimensionally prior to welding and each 
tank shall be inspected dimensionally after stress 
relief, aging o r  final machining whichever is last for 
conformance to the requirements of Specification 
Control Drawing LSC-310-405A. 

Wall Thickness. - Wall thickness measurements shall be 
conducted by a measuring device that shall have an accuracy 
of 0.001 inch before welding. After welding wall thickness 
measurements shall be conducted by Videgage method or 
equivalent, that shall have an accuracy of 0.002 inch or 
plus or minus 0.1 percent of the wall thickness, whichever 
is greater. 

Design Verification. - Design verification tests are 
advance stage development tests which are performed on 
components and subsystems for the purpose of substantiating 
the correctness of the design for its intended mission. 
These tests shall be conducted under simulated mission 
environments and off-design conditions. Successful design 
verification and tests provide the assurance necessary 
to permit a design freeze decision to be made. These 
tests shall include the requirements of 4.4.1.1 using 
simulated propellants with the exception of volume 
verification testing. 

Reliability Assurance. - As an integral part of the 
development test program, the vendor shall meet the require- 
ments of 4.4.1.2.1.1. 
for the highest order of assembly deliverable to Grumman. 
Tests applicable to reliability assurance shall fulfill 
the following essentials: 

This requirement shall be satisfied 

(a) The tests are conducted on equipment which is representa- 
tive in design, physical configuration and material 
to deliverable flight weight equipment. 
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4.4.1.2.1.1.1 

(Continued) 

(b)  The above equipment is tested t o  f a i l u r e  under 
sys temat ica l ly  increas ing  dynamic and environmental 
s t r e s s e s .  Failure is described as devia t ion  of 
performance from t h e  minimum acceptable operating 
mode. At ten t ion  is  t o  be given t o  sub jec t ing  t h e  
equipment t o  combined dynamic loads and environments 
whenever the cmbined  e f f e c t s  e x i s t  and may be 
c r i t i c a l .  Operating t i m e  or number of cyc les  shall 
not be  overlooked as poss ib le  c r i t e r i a  va r i ab le s .  

( c )  P r i o r  t o  the s t r e s s - t o - f a i l u r e  t e s t s ,  t h e  above 
equipment s h a l l  have been subjected t o  one mission 
simulation a t  t h e  r e l i a b i l i t y  boundary conditions 
of 4.4.1.2.1.1.1. The mission simulation s h a l l  
t ake  i n t o  account the c r i t i c a l  environments and 
dynamic conditions t o  which t h e  equipment w i l l  be 
exposed during t h e  acceptance t e s t s ,  handling, 
t r anspor t a t ion ,  and s torage ,  prelaunch, launch, 
t r ans luna r ,  and lunar phases of t he  LEN mission. 

R e l i a b i l i t y  Assurance Requirements. - The equipment 
s h a l l  f u l f i l l  the f ollawing requirements : 

(a) All equipment t e s t e d  s h a l l  survive one mission 
simulation a t  R e l i a b i l i t y  Boundary Conditions 
without f a i l u r e .  

( b )  I n  t h e  s t r e s s - t o - f a i l u r e  t e s t ,  no f a i l u r e  s h a l l  
occur a t  levels  of s e v e r i t y  lower than  t h e  most 
c r i t i c a l  conditions of t h e  q u a l i f i c a t i o n  tes t .  

R e l i a b i l i t y  Boundary. - The R e l i a b i l i t y  Boundary f o r  
v i b r a t i o n ,  shock, a c c e l e r a t i o n  and temperature s to rage  
s h a l l  be i n  accordance wi th  Table IV, Q u a l i f i c a t i o n  
Tes ts .  
expulsion cycling s h a l l  be i n  accordance wi th  4.3.7 
and 4.3.11.1 respectively.  

The R e l i a b i l i t y  Boundary f o r  s lo sh  and 
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4.4.1.2.1.1.2 

4.4.2 

4.4.2.1 

4.4.2.1.1 

Analysis of Results. - The vendor shall perform an 
engineering analysis of the data generated by the stress- 
to-failure tests including a correlation with the Failure 
Mode Prediction Analyses and submit the data and the 
analysis to Grumman. 

Qualification Tests. - Qualification tests are conducted 
on samples identical to production tank assemblies for 
the purpose of verifying their complete suitability. 

General. - Prior to any qualification tests, the tank 
assemblies will undergo acceptance tests in accordance 
with paragraph 4.4.3. 
apparatus shall be subjected to inspection by Grumman 
qua1 i t,y cont ro l  representatives. At. convenient times 
prior to and after the tests, the tank assemblies shall 
be examined to determine if it conforms to all requirements. 
At the option of Grumman, measurements shall be made of 
critical tank assemblies dimensions prior to start of the 
qualification tests. The results of these examinations shall 
be a part of the qualification test data. Tank assemblies 
that have undergone qualification tests shall not be used 
for qualification testing as part of a higher order 
assembly. 

The tank assemblies and test 

Parts Failure and Replacement. - Maintenance, adjustment, 
or replacement of parts shall not be permitted during 
qualification testing except when approved by Grumman. 

Tank Assembly - If during the qualification test of 
the tank assembly a part fails, this part may be 
replaced if economically justifiable, or a new 
qualification test may be started on a new tank 
assembly. The replacement part shall be a redesigned 
part or one of different material unless Grumman 
authorized the installation of a new part of original 
design and material for one which in their opinion 
Taiied due to sub- standard material or worianans’nip. 
The qualification test on each tank assembly shall be 
considered complete when every part of the tank 
assembly has been subjected to and has satisfactorily 
completed the entire test. At the discretion of 

J 
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4.4.2.1.1 

4.4.2.2 

4.4.2.2.1 

4.4.2 2 2 

4.4.2.2.2.1 

4.4.2.2.2.2 

(Continued) 

Grumman redesign and retesting may be required of any 
part which fails or indicated weakness after completing 
its qualification test but which is retained to complete 
testing on other parts. 

Tank Assembly Inspection and Tests. - 

Tank Assembly Inspection Before Tests. - A l l  components 
shall be completely inspected for compliance with the 
drawings and specifications prior to quaiification testing. 
Deviations from the drawings and specifications shall be 
cause for rejection unless approved by Grumman. Defective 
parts shall not be used on any tank assembly subjected to 
the qualification tests. 

Tank Assembly Tests. - The tank assemblies shall be 
subjected to the tests listed in Table 11. The vendor 
shall schedule these tests in the test plan. The order 
of occurance of the environments during mission shall 
be the preferred order for test scheduling. The vendor 
shall determine and state in the test plan, the applicability 
of the following procedures for the individual tests: 

(a) Pre-exposure examination, leak check and operational 
use as required. 

Exposure to environments, leak check and operational 
tests as required. 

Post-exposure examination, leak check and operational 
tests as required. 

(b) 

(c) 

Operational. - The tank assemblies shall be subjected to 
t h e  q e r a t i o n a l  k s t .  nf 4.3.1; with actual propellants. 

Leakage. - The tank assemblies shall be subjected to the 
leakage tests of 4.3.2.3. 

k’ng- 2lsc 
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4.4.2.2.2.3 

4.4.2.2.2.4 

4.4.2.2.2.5 

4.4.2.2.2.6 

4.4.2.2.2.7 

Proof Pressure. - The tank assemblies s h a l l  be 
subjected t o  the proof pressure test  of 4.3.3. 

B u r s t  Pressure. - The tank assemblies s h a l l  be 
subjected t o  the b u r s t  pressure test  of 4.3.4. 

Volume Verif icat ion.  - The tank assemblies shall 
be sub.iected t o t h e  volume v e r i f i c a t i o n  tes ts  of - 
4.3.6. 

Slosh. - The tank assemblies shall be subjected 
t o  the  s losh  t e s t s  of 4.3.7. 

Extreme Temperature. - The tank assemblies s h a l l  
be subjected t o  a high and l m  temperature envirori- 
ment i n  a thermal environmental chamber a t  atmospheric 
pressure.  A l l  t e s t s  w i l l  then proceed as follows: 

(a)  Law Temperature - The temperature of the  
unloaded assemblies s h a l l  be lowered t o  the  
minimum value of Table IV. The assemblies 
shall be maintained a t  t h i s  temperature f o r  
a minimum of 12 hours a f t e r  t h e  temperature 
has been s tab i l ized .  The equipment need not 
operate during t h i s  t e s t ,  however, it shall 
survive the extreme temperature and a performance 
tes t  i n  accordance wi th  the  procedure of 4.3.1 
which shall be performed a f t e r  the  tes t .  

( b )  High Temperature - The procedure f o r  t he  low 
temperature tes t  shall be repeated except t h a t  
t he  equipment s h a l l  be heated by  su i t ab le  means 
t o  t h e  high tempera ture  extreme of Table IV. 
This tes t  w i l l  be combined with the opera t iona l  
t e s t  of 4.3.1. 

1 

kn*, 2 i ' l C  EDP Sheet No - 



Date 2-24-64 

Pdge 

c S P E C I F I C A T I O N  

44 

Shock. - The tank assemblies s h a l l  be subjected t o  
t h e  shock loads of Table IT. 
- 4.4.2.2.2.8 

4.4.2.2.2.9 Acceleration. - The tank assemblies s h a l l  be 
subjected t o  t h e  acce le ra t ion  loads of Table I V .  

4.4.2.2.2.10 Vibration. - The tank assemblies s h a l l  be  subjected 
t o  the  v ib ra t ion  spec i f i ed  i n  Table I V  using t h e  
procedure of 4.3.10. 

( a )  Resonance Search - A s inusoida l  resonance 
search  shall be conducted a t  ha l f  o r  l e s s  of 
t he  required s inusoida l  q u a l i f i c a t i o n  tes t  
l e v e l s  before any port ion of the  v ib ra t ion  
tes t  i s  conducted. Resonant Trequencies and 
v ib ra t ion  amplif icat ions shall be noted i n  
the  test log .  The v i b r a t i o n  ampl i f ica t ion  
of any portion of t h e  equipment s h a l l  be i n  
accordance with 3.8.4.4. 

4.4.2.2.2.11 Endurance Cycling. - The tank  assemblies s h a l l  be 
subjected t o  the  endurance cyc l ing  tes t  of 4.3.11. 

4.4.2.2.2.12 Addit ional  Tests.  - Addit ional  t e s t s ,  f o r  t h e  
purpose of t e s t i n g  s p e c i a l  f e a t u r e s  of t h e  tank 
assembly may be required.  

4.4.2.2.2.13 Weight. - The tank assemblies s h a l l  be weighed 
and t h e i r  weight s h a l l  not exceed t h e  values 
spec i f i ed  i n  t h i s  spec i f i ca t ion .  
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4.4.2.2.3 

4.4.2.2.4 

4.4.3 

4.4.3.1 

Tank Assembly Inspec t ion  After Tests. - After  completion 
of tests each assembly s h a l l  be subjected t o  a visual 
examination and measurements taken, as necessary,  t o  
d i sc lose  excessively worn, d i s t o r t e d ,  or weakened p a r t s .  
Following t h i s ,  the pos i t i ve  expuls ion device s h a l l  be 
removed f o r  a s h i l a r  examinat ion. Photographs s h a l l  
be taken of such discrepant  p a r t s  and these  photographs 
s h a l l  be included i n  t h e  t e s t  repor t .  

Q u a l i f i c a t i o n  Conditions. - Q u a l i f i c a t i o n  of each tank 
assembly s h a l l  be predicated on maintenance of a l l  
parameters wi th in  s p e c i f i e d  limits. 

Acceptance Tests.  - Acceptance tests are tests conducted 
on deliverable i t e m  t o  provide assurance t h a t  t he  
equipment performance i s  wi th in  the limits of the  design 
parameters and tha t  t h e  equipment i s  f ree  from material, 
construct ion,  workmanship and func t iona l  de f i c i enc ie s .  
A l l  tank assemblies delivered f o r  f u l f i l l m e n t  of t he  
Purchase Order shall be subjected t o  an  acceptance test. 

General. - The tank assemblies and subassemblies, t he  
t e s t  apparatus  and t h e  material en te r ing  i n t o  t h e  
manufacture of a r t i c l e s  f o r  f u l f i l l m e n t  of t h e  Purchase 
Order shall be subjected t o  inspec t ion  by authorized 
Grumman representa t ives .  A t  convenient t i m e s  p r i o r  t o  
t h e  tes ts  and a f t e r  t h e  tests, t h e  tank assemblies and 
subassemblies s h a l l  be examined t o  determine if they  
conform t o  a l l  requirements of t h e  Purchase Order and 
spec i f i ca t ions .  Acceptance test  condi t ions s h a l l  not 
be more severe than expected mission condi t ions and 
f a c t o r s  of s a f e t y  and margins on l i f e  s h a l l  not be 
included i n  determining t h e  environment f o r  t hese  tests 
Items f o r  use on f l i g h t  spacecraf t  s h a l l  not conta in  a 
canponent or element which has been subjected t o  more 
than  two ( 2 )  acceptance test  programs nor component or 
element which has been subjected t o  environments of an  
i n t e n s i t y  higher t'nan acceptatice k a t  Icvzls.  
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4.4.3.2.2 

4.4.3.2.2.1 

4.4.3.2.2.2 

4.4.3.2.2.3 

4.4.3.2.2.4 

4.4.3.2.2.5 

4.4.3.2.2.6 

Tank Assembly Insoect ion and Tes ts .  - 

Tank Assembly Inspect ion Before Acceptance Tes ts .  - Each 
tank assembly s h a l l  be completely assembled i n  accordance 
wi th  the  drawings, then  v i s u a l l y  and dimensionally 
inspected before  commencing the  tests. 

Tank Assembly Tests.  - Each tank assembly as assembled 
f o r  t he  inspect ion spec i f i ed  i n  4.4.3.2.1 s h a l l  be 
subjected t o  the  t e s t s  ou t l ined  i n  Table I11 and as 
spec i f i ed  i n  paragraphs 4.4.3.2.2.1 through 4.4.3.2.2.6, 

Weight. - The tank assemblies s h a l l  be weighed, t h e i r  
weight s h a l l  not exceed the  value spec i f i ed  i n  Table V 
of t h i s  spec i f ica t ion .  

Operational.  - The t ank  assemblies shall be subjec ted  t o  
an opera t iona l  t e s t  using the  procedure of 4.3.1.1. 

Leakage. - The tank assemblies s h a l l  be subjected t o  
leakage tests using t h e  procedure of 4.3.2.2 and 4.3.2.3. 

Proof Pressure.  - The tank assemblies s h a l l  be subjec ted  
t o  a proof pressure test  using t h e  procedure of 4.3.3. 

Vibration. - The empty tank assemblies s h a l l  be subjected 
t o  randam vibra t ion  tests using the  procedures of 4.3.10 
with  the  l e v e l s  of Table 111. 

Rinse Test .  - The c l ean l ines s  of the tank assembly 
propel lant  compartment s h a l l  be v e r i f i e d  by a r i n s e  
t e s t .  For each square foo t  of e f f e c t i v e  sur face  200 m l  
of a s u i t a b l e  rinse t e s t  f l u i d  s h a l l  be placed i n  t h e  
tank and sloshed or a g i t a t e d  around the  e f f e c t i v e  
sur faces  t o  insure entrainment of p a r t i c l e s .  The 
e f f l u e n t  of t h e  rinse tes t  shall be examined f o r  
p a r t i c u l a t e  i n  accordance wi th  SAE-ARP-598 (or equiva- 
lent  method) f o r  t h e  requirements of T & l e  VI. 
Nitrogen p e r  MIL-P-27401B, Type I f i l t e r e d  through 
a 5 micron nominal, 10 micron absolute  f i l t e r  may be 
used t o  purge the tank. 
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4.4.3.2.3 

4.4.3.2,4 

4.4.3.2.4.1 

4.4.3.2.4.2 

4.4.3.2.5 

4.4.3.2.5.1 

Acceptance Conditions. - Acceptance of t he  tank assemblies 
shall be predicated on maintenance of a l l  parameters 
wi th in  the  limits spec i f i ed  throughout a l l  tests. 

Tank Assembly Inspect ion Test.  - Upon completion of t h e  
acceptance tes ts ,  t h e  tank assemblies s h a l l  be subjected 
t o  e x t e r n a l  v i sua l  inspect ion.  
defec t ive ,  an approved p a r t  s h a l l  be suppl ied t o  rep lace  
it, and a su i t ab le  penal ty  t es t  s h a l l  be conducted a t  
the d i s c r e t i o n  of Grumman. 

If any p a r t  i s  found t c  be 

Tank Assembly Penalty T e s t .  - The maximum penal ty  t es t  
s h a l l  cons i s t  of a r e p e t i t i o n  of t h e  t e s t  runs out l ined  
under paragraph h.4.3.2,2. Should t h e  t o t a l  number of 
p n s t t i v e  expulsion cyc les  during t h e  penal ty  t.ests on 
a component exceed t h a t  normally accumulated during t h e  
acceptance t e s t  runs, t h e  assembly shall be r e j e c t e d  
and s h a l l  became unacceptable f o r  use on f l i g h t  space- 
c r a f t  .. 
Tank Assembly Inspect ion Af te r  Penal ty  Test. - Upon 
completion of t he  penal ty  t e s t ,  t h e  tank assemblies 
shall be v i s u a l l y  inspected. ' 

Reject ion and Retest .  - Whenever i n  t h e  opinion of the  
Grumman representa t ive ,  t h e r e  i s  evidence of malfunctioning 
o r  evidence that  t h e  tank  assembly i s  not meeting the  
spec i f i ed  requirements, t he  d i f f i c u l t y  s h a l l  be inves t iga ted  
and i t s  cause corrected t o  t h e  s a t i s f a c t i o n  of t h e  Grumman 
rep resen ta t ive  before t h e  t e s t  i s  continued. 
of t h e  Grumman representa t ive ,  that por t ion  of t h e  t e s t  i n  
which the  d i f f i c u l t y  w a s  encountered s h a l l  be repeated. 

A t  t h e  opt ion 

Maximum Number of P o s i t i v e  Expulsion Cycles. - T a n k  
assemblies shall be r e j e c t e d  whenever the  t o t a l  number 
of pos i t i ve  expulsion cyc les  accumulated during the  tests 
spec i f i ed  here in  exceeds t h e  t i m e  allowed f o r  acceptance 
tes t .  
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5 PREPARATION FOR DELNERY 

5.1 General. - The preparat ion for de l ive ry  shall render the  
tank assemblies capable of shipment without degradation 
of r e l i a b i l i t y  because of corrosion,  contamination or 
physical damage f r o m  s losh ,  and v ib ra t ion  or o the r  
shipping hazards encountered during handling and t r a n s -  
por ta t ion  t o  Grumman. 

5 .1 .1  Procedures. - Written procedures s h a l l  be submitted t o  
Grwmnan for preservation i n  packaging i n  accordance wi th  
Sec t ion  E of t h e  purchase order.  

5.2 Preserva t ion  and Packaging. - The tank  assemblies s h a l l  
be packed i n  such a manner as t o  meet the  environmental 
requirements s t a t e d  i n  Table I of t h i s  spec i f i ca t ion .  
Cleanl iness  of the barrier materials s h a l l  be t h e  same 
as /or  g r e a t e r  t h a n  t h e  c l ean l ines s  level of t h e  equipment 
being packaged. 

5 -  3 Adequacy of Packaging and Packing. - Adequacy of t he  
packaging and packing s h a l l  be v e r i f i e d  by tests accord-ing 
t o  Method 516, Procedure I11 of MIL-STD-810. 
be performed on the packaged equipment or a d m y  load  
s u b s t i t u t e d  for the  equipment. The equipment or dummy 
load  s h a l l  be instrumentated t o  determine t h e  maximum 
acce le ra t ion  and p u l s e  durat ion experienced along t h r e e  
ma jo r  axes of the equipment. Location of t h e  acce lero-  
meters s h a l l  be approved by  Grumman. Recorded acce le ra t ions  
during the  t e s t s  s h a l l  not exceed t h e  design shock l i m i t  
levels f o r  t h e  equipment. 

Tests s h a l l  

5.4 Marking of Shipments. - I n t e r i o r  and e x t e r i o r  containers  
s h a l l  be durably and l e g i b l y  marked such t h a t  t h e  markings 
s h a l l  provide the fol lowing information: 

nT.7-a 1 L e u  l Y o * L l L  

Contrac tor ' s  Control No. 
Stock No.  
Con t rac to r ' s  Order No. 
Manufacturer 
Mfg. ' s  S e r i a l  No. 
Date of Manufacture 

6 NOTES - Not applicable 

I 
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TABLE I 

ENVIRONMEXTAL AND LOAD CONDITIONS 

NOTES: 1. Factors  of s a f e t y  a r e  not included i n  the  levels spec i f i ed  
herein.  Factors  of s a fe ty  shall be appl ied t o  these  values 
and self-generated s t r u c t u r a l  loads of each subsystem. 

2. All acce le ra t ions  a re  " e a r t h  g ' s ' ' .  Mult iply by e a r t h  weight 
c)r use 32.2 f t / s e c 2  as appropriate .  

3. Vibra t ion  spec t r a  herein refer t o  s t r a i g h t  l i n e s  on a 
log-log p lo t .  

4. "Packaged" means ready f o r  shipment i n  t h e  s p e c i a l  shipping 
and s torage  container.  

(a) Prelaunch Packaged (Tanks Empty and S l i g h t l y  Pressurized)  f o r  Trans- 
por ta t ion ,  Handling and Storage 

Accelerat ion:  ( n s )  2.67g v e r t i c a l  wi th  1.Og la te ra l  a p p l i e d  t o  
package. 

Shock: (ns )  Transportat ion,  handling and s torage  i n  the  
shipping package s h a l l  not produce c r i t i c a l  
design loads on t h e  prgpel lant  tank assembly 
and shall not e f f e c t  an  increase  i n  weight. 

Shock as i n  MIL-STD-81O(USAJ?) 1 4  June 1962 
Method 516, Procedure 111. 

Vibra t ion  : ( n s )  The following v ib ra t ion  levels are spec i f i ed  
during t r anspor t a t ion ,  handling and s torage.  
Vibrat ion t o  be appl ied,  a long t h r e e  mutually 
perpendicular axes, x, y, and z t o  t h e  package. 
(1/2 octave p e r  minute. ) 

(ns)  These levels of Environments and Loads do not occ.ur simultaneously. 

I 
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TABLE I (Continued) 

(a )  (Continued) 

C P S  g o r  D.A. 

5 -7.2 
7.2-26 
26-52 
52-500 

.5 inch D.A. 
+ 1.3g - ,036 inch D.A. 

+ 5.og - 
*Pres sure  

*Storage Temperature: 

%hipping Temperature: 

*Humid it y : 

*Rain : 

W a l t  Spray: 

*Sand and Dust : 

Fungus : 

Atmospheric pressure corresponding 
from sea level  t o  5@,O@@ f t .  

-65'~ t o  +160'~ 

+20°F t o  +120°F - The shipping conta iner  
milst be marked t o  r e f l e c t  the  temperature 
con t ro l  . 
0 t o  100 percent r e l a t i v e  humidity 
including confiensat ion. 

Rain as def ined i n  Method 506 - 
MIL-STD-810(USAF) 14 June 1962. 

S a l t  Spray as encountered i n  a beach 
area (equivalent  t o  spray of 5% salt  
so lu t ion  i n  water f o r  50 hours) .  

A s  i n  desert and ocean/beach a reas ,  
equiva len t  t o  140 mesh s i l i c a  f l o u r  wi th  
p a r t i c l e  v e l o c i t y  up t o  500 ft /min. 

I n  accordance wi th  Method 508, 
MIL-STD-810(USAF) 14 June 1962. 

Exposure wi th  0.05 par t s /mi l l ion  
concentrat ion (1j2 t ox ic  limit j . 

*Ambient environment on outside of Package. 



0 

I 

I 

0 

0 

TABLE I (Continued) 

( b )  Prelaunch Unpackaged (Tanks Elnpty and S l i g h t l y  Pressur ized)  

Accelerat ion : (ns  ) 2.67g v e r t i c a l  w i th  1.Og lateral 

Shock: ( n s )  Shock as i n  MIL-STD-810(USAF) 1 4  June 1962, 
Modify Method 516, Procedure I, Modified. 

shockpulse t o  s a w  t o o t h  l5g peak 10-12 m s  
r i s e ,  0-2 ms decay. 

Vibrat ion:  ( n s >  

External  Pressure : 

I n t e r n a l  Tank 
Proof Pressure  : 

Tempera ture  : 

Humidity : 

Rain : 

Salt  Fog: 

Sand and D u s t  : 

Fungus : 

Ozone : 

Same as prelaunch packaged but  a p p l i e d  t o  
equipment. 

Ambient a t  sea level.  

333 psig.  

+20?F t o  +lla°F Ambient A i r  Temperature with a 
superimposed s o l a r  r a d i a t i o n  i n t e n s i t y  of 
350 ~ m / f t 2  h r  u p  t.0 6 hr/day. 

15% t o  lo@ re lat ive humidity including 
condensat ion. 

Same as packaged but  no d i r e c t  impingement. 

As i n  MIL-STD-810(USAF) Method 509. 

Same as prelaunch packaged. 

Same as prelaunch packaged. 

Same as prelaunch packaged. 

(ns) These levels of environments and loads do not occur simultaneously. 

Eng-279C EDP Sheet No. - 
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I Engine 
Hardcwer ( n s )  

Date. 2-24-64 S P E C I F I C A T I O N  ' \  

Page: 52 

TABLE I (Continued) 

( c  ) Launch and Boost (Tanks F u l l 1  

Acce lera t ions  M d  T U  Preasures:  

Externa l  Pressure:  Ambient a t  Sea Level t o  1 x 10-l' IIPP Hg. 

I n t e r n a l  ( p s i s )  
Pressure  

LSC 310-405 

External Pressure : 

I n t e r n a l  Tank 
Pressure  : 

Vibration: 

22 

5.65g 

0 

0 

Ambient at  sea l e v e l  t o  1 x 10-l' nun Hg 

22 t o  130 p s i a .  

The randon spectrum s h a l l  be a p p l i e d  f o r  17 
minutes along each of t h r e e  mutually perpen- 
d i cu la r  axes, x, y and z. 

5-27 CPS .18g*/cps constant 
27-40 cps 
40-2000 cps .036g /cps canetant 

12  db octave r o l l o f f  t o  h 
(ns)  The levels of t h i s  environment do not occur siiiiiiltaeealy vit.h 

t h e  v i b r a t i o n  emriroment  . 
( s  ) Simultaacourly wi th  randan v ib ra t ions .  

\ 

I 
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S P E C I F I C A T I O N  

Pdge : 53 

TABLE I (Cmtinued)  

( e )  Launch and Bgost (Continued) 

Temperature : +40 t o  +100”F wi th in  t h e  propulsion compartment. 
0 t o  +llO°F ambient a t  sea l eve l .  

Acoustics : Octave Band ( cps )  Level (db) 

9 to 18.8 142 
18.8 t o  37.5 141 
37.5 to 75 141 
75 to 150 138 
150 to 300 134 
300 t o  600 130 
600 to 1200 123 
1200 to 2400 116 
2400 t o  4800 110 
4800 t o  $00 

Overall 147 

104 - 

Same as prelauncn packaged. 

Explosive-proof i n g  requirement def ined i n  
Method 511, MIL-STD-810, 14 June 1962. 

See paragraph 3.4.1. 

Humidity : 

Hazardous Gases: 

Radiat ion:  

f i  , 
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S P E C I F I C A T I O N  

TABLE I (Continued) 

(d) Space F l i g h t  - Translunar (Tanks Full) 

Accelerat ions and Tank Pressures:  

I n t e r n a l  Pressure  
( P s i 4  

See Tank  
Assy. Dwg. 
LSC310-405 

NZ 

Axis normal t o  x 

Angular ( rad/sec2: 

Vibrat ion : 
Service Module 
Propuls ion 
operat ing 

In te rna l  Pressure  : 

Externa l  k'ressure : 

Temperature : 

Radiation: 

Service Module Propuls ion Sys. 
Operating 

22 

- *  45g 

+ . l l g  - 
0 

- 

- 

130 

N O ~  O p e r a t i n g  

130 

0 

0 

0 

- 

- 

Transposi t ioning 
N 3 t  Operating 

22 

-. 84g 
- 

- 

. l2g 

17.0 
* 

ij 

The mission environment cons i s t s  of t h e  
f o l l o w i n g  random spectrum appl ied  f o r  6 
minutes along each of the  t h r e e  mutually 
perpendicular axes, x, y and z .  

5-47 CPS .089g2/cps constant 
47-65 cps 
65-1000 CPS .024g2/cps constant  
1000-2000 cps  12 db/octave r o l l o f f  

22 t o  130 p s i  

1 x 
+bo t o  lOOOF i n  propulsion comp. 

Van Allen,  Solar  F l a r e  & Space background. 
To be def ined as needed ( i n n e r  b e l t  10 min. 
1/2 hr .  delay - o u t e r  b e l t .  See paragraph 
3.4.1).  

12  db/octave r o l l o f f  t o  

mm IIg nncontrol led vacuum 
I 



T.4BLE I (Continued)  

E. Lunar Descent (Tanks Full) 

I Condition Descent Engine Transfer  
Operating Orbit 

Loading 

(prel iminary)  (preliminary 
Landi rg Landi ny: 
Cond. a Cond. b 

I n t e r n a l  P m  ssurc (psiti 

IJx See Tank Dwl:. 
rry mc- 310- 405 

angular 

Nz c 
t o  x 

Shock: 

V ib ra t ion  : 

Ekternal Pressure: 

Internal Pressure: 

Temperature: 

Radiation : 

(preliminary) 8g any a x i s  
(10-20 mil l iseconds dura t ion)  

The mission environment cons i s t s  of t h e  
following r a n d m  s p e c t m  appl ied  f o r  11-1/2 
minutes along each of t h e  t h r e e  mutually 
perpendicular axes, x, y and Z .  

10-28 CPS 18g2/cps constant  
28-37 CPS 
37-1000 CPS . 059g2/cps constant  
1OOo-I200 cps 
1-m-2ooo cps . 031g2/cps constant  

1 x 10-l' mm Hg uncontrol led ncuum 

12  db/octave r o l l o f  f t o  

1 2  db/octave rolloff t o  

177 t o  250 ps ia .  

40% t o  MOOF p r o p u s i o n  canpartslent. 

See paragraph 3.4.1. 
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S P E C I F I C A T I O N  

Pdge 

TABLE I (Continued) 

(f) Lunar Stay  (Tanks Full o r  Ehpty) 

Accelerat ion:  

Fxterna l  Pressure : 

I n t e r n a l  Pressure :  

Temperature : 

Radiation: See paragraph 3.4.1 

1/6g i n  x d i r e c t i o n  ( a t  res t )  

1 x 10-l' mm H g  uncontrol led vacuum 

177 t o  250 p s i a  

40' t o  100°F propulsion compartment 

F n y  ? i ' i (  EDP Sheet No - 



S P E C I F I C A T I O N  Date 2-24-64 

Pdge 57 

Ascent Engine 
0 pera t  ing Docking 
Maneuver 

Transfer  
Orbi t  

I n t e r n a l  Pressure  0 250 0 250 0 250 
( P s i 4  

1.2g 1.2g 0 0 0 0 

.06g .06g 0 0 0 0 
See Tank 

LSC310-405 

TABLE I (Continued) 

( g )  Lunar Ascent (Tanks Full o r  Ebpty) 

Accelerations and Tank  Pressures 

External Pressure  : 1 x mm Hg uncontrolled vacuum. 

Vibra t ion  : The mission environment cons i s t s  of the 
f o l l o w i n g  r andm spectrum appl ied  f o r  8-1/2 
minutes along each of t h e  t h r e e  mutually 
perpendicular axes,  x, y and z. 

10-28 C ~ S  . 18g2/cps constant 
28-37 CPS 
37-1000 CPS .059g /cps constant 
1000-1200 cps 
1200-2000 cps .031g /cps constant 

40° t o  100%' i n  propulsion compartment. 

See paragraph 3.4.1. 

Ascent Engine 
Operating 

12 db octave r o l l o f f  t o  

12  db octave r o l l o f f  t o  
h 
h 

Temperature : 

Radiation: 

k , , e  2 7 ' I C  EDP Sheet No - 
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58 PARC : 

TABW, I1 

C$JALlTICATI ON TE STT, 

Name of Test 

Inspect ion Before Tests 

Operational 

Ie akage 

Proof Pressure 

Burst Pressure 

Fluid Cmpat l b i  l i t y  

Volume Verif l c a t i o n  

S losh 

Extreme &mperoture 

Shock 

\ 

Accelerat ion 

Vibration 

Endurance Cycling 

Weight 

Post-Test Inspec t  ion 

Prrragr: cph 

I0l)rpE: A s p e c i f i c  test  eequence l e  not implied In the above 
u6t. 

b 

4.4.2.2.1 

4.4.2.2.2.1 

4.4.2.2.2.2 

4.4.2.2.2.3 

4.4.2.2 2 . 4  

"No Test" 

4.4.2.2.2.6 

4.4.2.2.2.7 

4.4.2.2.2.8 

4.4.2.2 2 . 9  

4.4.2.2.2.10 

4.4.2.2.2.11 

4.4.2.2.2.D 

4.4.2.2.2.14 

4.4.2.2.3 

Remarks 

BAC Certifi- 
c a t i o n  
required 



' 0  

Paragraph 

0 

Remarks 

N,, LSP-310-405A 

S P E C I F I C A T I O N  Date 2-24-64 

59 PAge 

TABLE I11 

ACCEPTANCE TESTS 

Name of Test 

Inspec t ion  Before Tes ts  

Weight 

Operat ional  

Externa l  Eielim Leakage 

Externa l  Propel lan t  Leakage 

Proof Pressure  

Vibra t ion  

Rinse 

Acceptance T e s t  Levels 

Vibra t ion :  

Random 

I n t e n s i t y  

Constant 0.35g2/cps 
12 db/octave r i s e  (approx. ) 
cons tan t  0.059g2/c ps 
1 2  db/octave r o l l o f  f (approx. ) 
cons tan t  0.035gZ'jc ps 

4.4.3.2.1 

4.4.3.2.2.1 

4.4.3.2.2.2 

4.4.3.2.2.3 

4.4.3.2.2.3 

4.4.3.2.2.4 

4.4.3.2.2.5 

4.4.3.2.2.6 

Cycles 

20-90 C ~ S  

go-loo cps 

See Below 

Random v i b r a t i o n  
shall be 5 minutes 

100-1000 cps f o r  each mutually 
1000-1100 cps perpendicular axis 
1100-2000 c p s  f o r  a t o t a l  Liiiie of 

1 5  minutes. 

l " 6  ?-'4< EDP Sheet No - 
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TABU I V  (Continued) 

NOTES: (Continued) 

3. Randam Vibrat ion Tests s h a l l  be 30 minutes f o r  each 
of t h e  t h r e e  mutually perpendicular  axes f o r  a t o t a l  
time of 90 minutes. 

4. S inusoida l  Vibrat ion frequency s h a l l  be swep t  
logar i thmica l ly  frm 5 t o  100 cps and back a t  l / 3  
octave p e r  minute f o r  one cyc le  f o r  each orthogonal 
a x i s  and s h a l l  be swept  l oga r i thmica l ly  from 100 t o  
2000 cps and back a t  one (1) octave p e r  minute for  
one cycle  f o r  each orthogonal axis. 

5. The s inusoida l  and random condi t ions s h a l l  be 
imposed sequent ia l ly .  

Tanks are pressurized t o  250 psig and 3/4 f u l l  
during shock tes t .  

6 .  

b n g  ?7,1( EDP Sheet No - 



S P E C I F I C A T I O N  

c , , ~ ~  w,, LSP-310-405A 

Dare: 2-24-64 

Pdge : 62 

TABLE V 

WEIGH!I'S 

Oxidizer Tank S h e l l  Subassembly 

Oxidizer Pos i t i ve  E x p u l s i o n  Device 

Oxidizer Tank Assembly (Total) 

Fuel Ta,& S h e l l  Subassembly 

Fuel  Pos i t i ve  Expulsion Device 

Fuel  Tank Assembly (Total) 

12.58 l b s .  

-. 

10.50 l b s .  

The above weights a r e  f o r  one (1) oxid izer  and one (1) f u e l  tank 
assembly. The t o t a l  weight of two ( 2 )  ox id izer  tank assemblies 
and two ( 2 )  f u e l  tank assemblies s h a l l  not exceed 46.16 l b s .  

EDP Sheet No __ 



S P E C I F I C A T I O N  

Ln 
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Types of Tests 

C r n I C A L  ANALYSIS 
General chemistry 

Residual gas ana lys i s  

TABLF: V I 1  

QUALITY ASSUWCE TESTS FOR 

FORGINGS AND FORGING MATERIALS 

MACRO MAMINATIONS 
Chemical segregat ions 

Grain f l o w  

MICRO EXAMINATIONS 
Beta t ransus  determination 

Grain s i z e  determination 
General s t r u c t u r e  

HEAT TREAT RESPONSE 
Tensi le  tes ts  (a )  and ( c )  
0.252 inch diameter bar t o  
include; u l t imate  t e n s i l e  
s t rength ,  y i e l d  s t r eng th ,  
(0.2% o f f s e t ) ,  y i e l d  s t rength  
(0.02% o f f s e t ) ,  reduct ion of 
area, and elongat ion.  

RADIOGRAPHIC INSPECTION ( d )  

ULTRASONIC INSPECTION (e) 

NOTES: N - Not requi red  o r  not 

S - Sampling Plan  

Bi l le ts  

Mid Rad i i  
top  and bot ton  
Mid Radi i  
t o p  and bo t ton  

t o p  and b o t t a n  
macroslabs 

Mid R a d i i  
t op  and bottom 

Mid R a d i i  
t o p  and bottom 

appl icable .  

100% 

106 

100% 

n? 

S 
N 

S 

N 

N 

N 

Forgings 

N 

S 

N 

1st piece ( a )  



S P E C I F I C A T I O N  

TABLX VI1 (Continued) 

NOTES: (Continued) 

Af t e r  t h e  forging technique has been e s t ab l i shed  
f o r  each type component, one forg ing  s h a l l  be 
des t ruc t ive ly  t e s t e d  t o  determine t h e  g ra in  flow 
and mechanical proper t ies .  I f  t h e  forg ing  
p rac t i ce  i s  a l t e r e d ,  i n  each case,  one add i t iona l  
forg ing  s h a l l  be des t ruc t ive ly  t e s t e d .  

I n  the fully aged condi t ion t h e r e  s h a l l  be  no 
evidence t h a t  t h e  forg ing  temperature or so lu t ion  
t r e a t i n g  temperature exceeded t h e  be ta  t ransus .  
The microstructure  s h a l l  be equiaxed primary 
alpha or p la t e - l i ke  alpha i n  a transformed beta 
matr ix .  Acicular a lpha o r  a lpha ou t l in ing  p r i o r  
beta g ra ins  silul; Le ~-;L-~C-CE ?f n-rhpatinq and 
cause f o r  re jec t ion .  
s i z e  shall 'be predominately ASTM-8 or f i n e r  as 
dete,mined by ASTM-E-112. 

Test  specimens s h a l l  be processed i n  accordance with 
4.4.1.1.9 and meet t h e  requirements of 3.8.6.3.  

Equiaxed primary alpha p a r t i c l e  

Radiographic inspec t ion  per  MIL-STD-453 f o r  conformance 
t o  paragraph 3.1.1.1. 
a r e  not  acceptable i n  t h e  f i n i s h  machined component. 

High dens i ty  p a r t i c l e s  o r  voids 

Ul t rasonic  inspec t ion  t o  Class A requirements f o r  
conformance t o  paragraph 3.1.1.1, i . e . ,  5/64 inch 
maximum indica t ion  with 3/64 inch maximum ind ica t ion  
on one inch centers .  F in i sh  machined components s h a l l  
have no u l t r a son ic  ind ica t ions .  
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€31 13% 

DENOT'ATION : 

A - Longitudinal Weld 
B - Transverse Weld 
C - Parent Metal 
b! - Microscopic Specimen 

FIGURE 2 

WELDMENT TESTBAND COUPON WITH KETALLURGICAL TEST SPECIMENS 

C R  U M  M A N  A I R C  R A F T  E N G I N E  E R I N G  c O R  P O  R A  T I  ,. 



m +Z 
MA% 0.0. (SEE NOTE 3) 

I 
+ Z  

.bBOMIN. (ON 2 .500  DIA. REE) 
MOUNTING PKK-UP 



NOTES: 
1. TENTATIVE PORT REQ'MTS NOTED. 

2. TANKS SHALL BE MOUNTED AT EACH END, 

CONFIGURATION 
OF PORTS SHALL BE SPECIFIED A T A  LATER DATE. 

@ 3 THIS DIAMETER I5 A MAXIMUM AT THE WELD BEAD. . 

4. THE D I M E N 5 1 0 N 5  SHOWN E5TABLISH MAXIMUM 

5 THE ACTUAL CEUTER OF GRAVITY LOCATION 
ENVELOPE REQUIREMENTS. 

SHALL BE NOTED WHEN ESTABLISHED. 

WILL WAVE t.010 TOLERANCE. 
@ 6. ALL DIMENSIONS G I V E N  TO 3 PLACES 

- 

LSC 30-405- I 
TANK A55Y, OXIDIZER 

1 I I I  

AND R E A 5 0 N  

SPECIFICATION CONTROL DRAWING 
THIS DRAWING FORMS A PART OF 

L 5 P - 31 0 -49; 4 co N T  22 L 5 0 EC,. 

TANK, PROPELLANT 
POSITIVE EXPULSION, R.C.5. 


